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Asphaltgrubber  concrete  and  an  asphalt  concrete  control  were  tested  in  the 
laboratory  and  materials  characterizations  were  generated,  including  Marshall 
Stability,  resilient  modulus,  fatigue  and  fracture  properties,  creep  compliance, 
and  permanent  deformation  properties.  The  characterization  parameters  and  an  air¬ 
port  runway  model  for  a  municipal  airport  were  input  into  the  modified  ILL I PAVE 
computer  program  for  analysis  of  rutting  and  cracking  damage  and  the  relative  lives 
of  the  materials  in  each  of  four  climatic  zones.  An  economic  evaluation  was  then 
performed  comparing  the  costs  and  service  lives  of  each  material  in  each  zone. 

A  cracking  index  of  0.2  was  chosen  as  a  comparative  level.  The  asphalt-rubber 
concrete  passed  the  entire  design  period  of  20  years  for  all  climatic  zones  without 
reaching  this  comparison  level.  The  asphalt  concrete  reached  this  level  in  10  years 
or  more.  A  rut  depth  of  0.7  inches  was  chosen  as  the  critical  rutting  level.  For 
all  four  climatic  zones,  the  asphalt  concrete  control  reached  the  critical  rutting 
level  before  the  asphall^fubber  concrete;  but  both  materials  reached  the  critical 
level  within  the  20-year" design  period.  Rutting  was  chosen  as  the  expected  critical 
failure  mode  for  both  materials  in  all  zones.,- 

An  equivalent  uniform  annual  cost  per  squ^rxe  yard  over  the  life  of  the  pavement 
for  the  construction  cost  of  each  pavement  was  determined.  The  material  with  the 
least  equivalent  uniform  annual  cost  was  selected  as  the  most  cost-effective.  Only 
in  the  dry-no  freeze  zone  was  the  asphalL-eoricrete  more  cost-effective  than  the 

asphalt-rubber  concrete. . In. the-ot-her^hree  zones,  the  low  or  medium  (optimum)  binder 

content  asphalt  ^T'Ubber  concrete  was  the  most  cost-effective  material.  _ _ I 
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PREFACF 


This  report  Is  the  result  of  a  project  sponsored  by  the  Federal 
Aviation  Administration,  U.S.  Department  of  Transportation,  and  conducted 
by  the  Texas  Transportation  Institute  (TTI)  of  Texas  A&M  University. 

This  Is  the  second  of  two  reports  on  contract  number  DTFA 
01-83-C-30076  "Criteria  for  Asphalt-Rubber  Concrete  In  Civil  Airport 
Pavements"  and  It  Includes  the  testing  and  material  characterization  of 
an  asphalt-rubber  concrete  and  an  asphalt  concrete  control,  a  performance 
evaluation,  and  an  economic  evaluation  of  the  cost-effectiveness  of  the 
two  materials. 
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CHAPTER  I.  INTRODUCTION 


The  introductory  chapter  in  the  first  volume  of  this  report  gives 
some  historical  background  on  the  development  and  use  of  asphalt-rubber 
in  highway  pavements. 

That  introduction  highlighted  the  interest  that  has  been  shown  by  the 
engineering  community  in  the  use  of  asphalt-rubber  since  it  was  developed 
by  Charles  H.  McDonald,  Consulting  Engineer,  Phoenix,  Arizona  beginning 
in  the  1960's.  It  also  suggested  some  of  the  areas  in  which  there  are 
additional  needs  for  information  concerning  field  performance, 
relationships  between  laboratory-developed  properties  and  performance, 
design  techniques,  specifications  and  tests  for  compliance  and 
construction  practices. 

Airport  pavements  are  special  cases  that  have  not  been  treated  widely 
in  the  literature  and  they  pose  special  problems  for  the  asphalt-rubber 
mixes  because  of  the  high  tire  pressures  and  multiple  loads  that  are 
applied. 


OBJECTIVES 

The  primary  objectives  of  the  research  in  this  project  are  to: 

1.  Develop  processes  for  preparing  asphalt-rubber  binders  in  the 
laboratory  that  have  properties  similar  to  those  produced  in  the 
field. 

2.  Modify  the  FAA  laboratory  asphalt  concrete  mixture  design 
procedure  for  use  with  these  asphalt-rubber  binders. 

3.  Determine  the  engineering  properties  of  typical  asphalt-rubber 
concrete  materials. 

4.  Perform  a  cost-effectiveness  analysis  to  determine  if  these 
materials  should  be  considered  as  alternatives  in  future 
designs. 

5.  Develop  model  specifications  and  construction  procedures  for  the 
use  of  these  materials  in  the  field. 


SCOPE  OF  VOLUME  1 

The  first  volume  of  this  report  DOT/FAA/PM-86/39,  entitled  "Criteria 
for  Asphalt-Rubber  Concrete  In  Civil  Airport  Pavements:  Mixture  Design", 
addressed  Objectives  One  and  Two  and  the  model  specifications  in 
Objective  Five.  Specifically,  that  volume  included  the  development  of 
the  laboratory  procedure  for  preparing  asphalt-rubber  for  use  in  mixture 
design,  the  development  of  the  mixture  design  procedure,  and  the  guide 
specifications  for  field  production  of  the  asphalt-rubber  binders. 

SCOPE  OF  THIS  VOLUME 

This  volume  is  concerned  with  the  remaining  Objectives,  numbers  Three 
and  Four,  and  the  construction  procedures  in  Objective  Five. 

Specifically,  this  volume  includes  the  laboratory  tests  for  materials 
characterization  of  asphalt  rubber  in  stability,  modulus,  fatigue, 
fracture,  creep,  and  permanent  deformation;  the  prediction  of  the 
performance  of  airport  pavements  under  a  variety  of  climatic  conditions; 
the  comparison  of  costs  of  asphalt  concrete  and  asphalt-rubber  concrete 
over  their  predicted  performance  lives;  and  the  production  and 
construction  procedures  which  should  be  used  with  asphalt-rubber  concrete 
to  achieve  a  uniformly  high  quality  pavement  which  performs  well  under 
aircraft  traffic.  The  production  and  construction  procedures  are 
included  as  Appendix  A  and  the  remaining  appendixes  record  the  data  on 
material  properties,  aircraft,  and  tire  contact  pressures  that  were  used 
in  this  report. 


CHAPTER  II.  LABORATORY  EVALUATION  OF  ASPHALT-RUBBER  CONCRETE 


This  chapter  presents  the  results  of  a  testing  program  to  determine 
the  materials  characteristics  of  asphalt-rubber  concrete  with  low, 
medium,  and  high  binder  contents  and  a  commonly  used  asphalt  concrete 
with  an  AC-10  asphalt  cement  binder.  These  properties  are  used  In 
predicting  the  relative  performance  of  airport  pavements  constructed  with 
these  materials,  which  are.  In  turn,  used  in  a  cost-effectiveness 
analysis  of  these  materials. 

The  materials  properties  and  the  tests  that  are  used  to  determine 
them  are  presented  In  this  chapter.  The  materials  properties  include: 

1.  Stability  (Marshall  Stability) 

2.  Modulus  (Indirect  Tension  Loading) 

3.  Fatigue  (Beam  Fatigue  Loading) 

4.  Fracture  ("Overlay"  Test) 

5.  Creep  Compliance  (Creep  Test) 

6.  Permanent  Deformation  (Repeated  Load  Test) 

Each  of  the  tests  will  be  described  followed  by  typical  results  of 
the  testing  of  each  of  the  four  mixes  that  are  considered. 


OVERALL  TESTING  OBJECTIVES 

The  tests  on  each  of  the  four  mixes  were  made  to  determine  the 
properties  of  asphalt-rubber  concrete  and  asphalt  concrete  at  a  variety 
of  temperatures  and  typical  loading  rates  so  as  to  allow  the  prediction 
of  the  performance  of  a  typical  airport  pavement  in  four  different 
climatic  zones:  (1)  wet-freeze,  (2)  wet-no  freeze,  (3)  dry-freeze,  and 
(4)  dry-no  freeze.  More  will  be  explained  about  these  climatic  zones  in 
the  chapter  on  performance  prediction.  The  computer  program  used  in  the 
analysis  Is  capable  of  taking  Into  account  the  seasonal  changes  of 
temperature  and  material  properties  that  occur  during  the  life  of  the 
pavement.  Also,  by  determining  the  stiffness  of  each  of  the  four  mixes 
at  different  temperatures.  It  is  possible  to  determine  the  temperature- 
susceptibility  of  each  mix;  i.e. ,  those  mixes  which  change  modulus  the 


most  will  be  the  most  adversely  affected  by  temperature  chanqes  in  the 
field. 

All  samples  of  asphalt-rubber  concrete  that  were  used  for  testing 
were  prepared  in  accordance  with  the  modifications  to  the  Asphalt 
Institute's  MS-2  manual  procedures  that  were  recommended  in  Volume  1, 

except  that  a  compaction  temperature  of  375°F  (191°C)  was  found  to  be  too 
high  to  compact  the  beam  specimens  used  for  fatigue  and  overlay  testing. 

The  asphalt-rubber  concrete  material  at  375°F  (191 °C )  moved  too  much 
under  the  compactor  to  be  well -compacted.  Therefore,  a  lower  compaction 

temperature  (325°F,  or  163°C)  was  used  for  all  specimens  prepared  in  the 
mix  design  and  materials  characterization  in  this  portion  of  the  study. 
The  asphalt  concrete  samples  were  prepared  in  accordance  with  the  MS-2 
manual  procedures  as  they  are. 

The  sample  preparation  and  testing  were  done  with  one  primary 
objective  in  view:  to  permit  a  realistic  comparison  of  asphalt-rubber 
concrete  with  ordinary  asphalt  concrete  performance  and 
cost-effectiveness  when  they  are  used  in  airport  pavements. 

SELECTION  OF  MATERIALS  FOR  TESTING 

Aggregate 

A  mixture  of  crushed  limestone  and  field  sand  was  chosen  for  the 
aggregate,  as  these  materials  generally  produce  a  high  quality  mix  which 
performs  well  in  both  test  and  field  conditions.  A  maximum  particle  size 
of  1/2“  (100  percent  passing  the  1/2  in.  sieve;  some  retained  on  the  3/8 
in.  sieve)  was  chosen.  ASTM  C125  defines  the  maximum  size  of  coarse 
aggregate  as  the  smallest  sieve  opening  through  which  the  entire  sample 
passes  (Ref  1).  The  aggregates  were  blended  to  meet  the  1977  FAA 
aggregate  grading  specification  for  pavements  with  a  bituminous  surface 
course  and  designed  to  accommodate  aircraft  with  gross  weights  of  60,000 
pounds  (27,000  kg)  or  more,  or  with  tire  pressures  of  100  psi  (690  kPa)  or 
more  (Ref  2).  This  grading  band  is  similar  to  the  1983  ASTM 
specification  grading  band  for  bituminous  paving  mixtures  and  3/8" 
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nominal  maximum  size  of  aggregate  (100  percent  passing  the  1/2  in.  sieve; 
some  retained  on  the  3/8  In.  sieve)  which  is  commonly  used  for  hiqhway 
pavements  carrying  heavy  truck  traffic  (Ref  3).  ASTM  qrading 
requirements  are  based  upon  nominal  maximum  size  which  allows  for  a  small 
percentage  (usually  about  5%)  of  the  sample  weight  to  be  retained  on  that 
sieve  (Ref  1).  The  percents  of  material  passing  through  standard  sieve 
sizes  for  the  FAA  and  the  ASTM  specifications  are  shown  in  Table  1. 

The  middle  of  the  FAA  grading  band  was  chosen  as  the  target  for  the 
combined  aggregate  grading.  The  band  and  the  mid-band  gradation  are 
shown  in  Figure  1. 

The  limestone  and  the  field  sand  were  obtained  from  White's  Mines  in 
Brownwood,  Texas.  The  limestone  was  obtained  from  the  producer  in  four 
different  sizes  and  the  material  was  weighed  from  each  batch  of  material 
as  shown  in  Table  2.  The  limestone  dust  had  to  be  sieved  before  use 
because  it  contained  too  high  a  percentage  of  fines  (material  passing  the 
#200  sieve)  to  meet  the  grading  specifications.  The  field  sand  was 
sieved  through  the  #8  sieve  before  use  to  remove  sticks  and  organic 
debris  and  to  break  up  large  clods. 

Two  sieving  methods  were  used  to  produce  a  final  aqqreqate  blend. 

For  the  initial  testing  which  was  described  in  Volume  1  of  this  renort, 
small  hand  shakers  were  used  and  only  the  limestone  dust  was  sieved,  as 
described  above.  However,  this  was  found  to  be  a  very  time-consuminq 
process  and  was  not  satisfactory  for  the  production  of  the  samples  needed 
for  the  material  characterization  and  testing  described  in  this  volume. 

A  sieve  method  in  which  all  of  the  limestone  and  field  sand  materials 
were  sieved  through  large  sieves  on  a  Gillson  mechanical  shaker  was 
therefore  adopted.  The  combined  aggregate  was  then  produced  by  weight 
from  the  resulting  sized  material.  Both  sieving  and  weighing  methods  met 
the  mid-band  of  the  FAA  grading  specification,  and  are  shown  in  Figure  2. 

Asphalt  Concrete  Control  Mix 

The  material  chosen  for  the  control  was  an  AC-10  Lab  Standard 
(American  Petrofina  was  used).  A  Marshall  mix  design  was  performpj  and 


TABLE  1.  1977  FAA  Aggregate  Grading  Band  for  Bituminous  Surface  Course 

with  1/2M  (12.5  mm)  Maximum  Particle  Size.* 


Sieve  Size 

X  passing 

FAA  Specification 

(by  weight) 

ASTM  Specification 

1/2  in.  (12.5mm) 

100 

100 

3/8  in.  (9.5mm) 

79-93 

90-100 

#4  (4.75nw) 

59-73 

55-85 

#8  (2.36nm) 

46-60 

32-67 

#16  (1.18mm) 

34-48 

— 

#30  (600pm) 

24-38 

— 

#50  (300pm) 

15-27 

7-23 

#100  (150pm) 

8-18 

— 

#200  (75pm) 

3-6 

2-10 

♦For  aircraft  weighing  60,000  pounds  or  more  or  with  tire  pressures  of 
100  psi  or  more;  compared  with  the  1983  ASTM  aggregate  grading  band  for 
bituminous  paving  mixtures  with  3/8"  (9.5  mm)  nominal  maximum  size  of 
aggregate. 
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TABLE  2.  Weight  Percentages  Used  From  Each  Type  of  Aggregate  Obtained 

From  the  Producer. 

Material /Size 

%  Used 

-1/2",  +3/8“  only,  limestone 

13.5 

3/8“  grade  limestone,  as  supplied  by  producer 

12.9 

1/4“  grade  limestone,  as  supplied  by  producer 

17.2 

Brownwood  field  sand 

17.2 

Limestone  dust  (crusher  supply),  as  supplied  by 
producer  then  broken  down  by  the  following  sieves: 

Sieve  Size 

#8 

1.8 

#16 

12.5 

#30 

9.8 

#50 

8.1 

#100 

0.0 

#200 

5.2 

passing  #200 

i 

1 

1.8 

! 

i 

j 

i 

i 

1 

! 

i 
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Figure  2.  Aggregate  Blends  Resulting  from  Two  Sieve  Methods  and  FAA  Specification  Aggregate 
Gradation  (Mid-Band). 


the  results  are  plotted  in  Figure  3.  The  optimum  hinder  content  was 
chosen  as  follows: 


Property 

%  Binder 

Unit  Weight 

5.30% 

Marshall  Stability 

4.82% 

%  Air  Voids 

4.41% 

Optimum 

4.84% 

Use 

4.8% 

The  target  air  voids  content  was  4%,  the  median  of  the  air  void  range 
specified  in  the  Marshall  mix  design  method  (Ref  4). 

The  Marshall  mix  design  method,  in  the  May  1985  addendum  to  MS-2  (Ref 
4)  which  updates  Figure  1 1 1-5  on  VMA,  prescribes  a  minimum  VMA  of  about 
15.5%  for  a  nominal  maximum  particle  size  of  3/8  in.  MS-2  describes  the 
nominal  maximum  particle  size  as  “the  largest  sieve  size  listed  in  the 
applicable  specification  upon  which  any  material  is  permitted  to  be 
retained"  (Ref  4:  p.  32),  which  was  3/8  in.  for  the  aggregate  gradation 
specification  used  in  this  study.  The  FAA  specification  for  a  Bituminous 
Surface  Course  (Ref  2)  prescribes  a  minimum  VMA  of  15%  for  the  same 
aggregate  gradation,  described  as  a  1/2  in.  maximum  particle  size  (100 
percent  passing  the  1/2  in.  sieve)  by  FAA.  However,  Figure  3  in  this 
report  shows  that  the  VMA  of  the  asphalt  concrete  mix  at  4.8%  binder 
content  is  around  13%.  The  mix  meets  the  other  criteria  described  in 
MS-2,  and  therefore  the  mix  was  accepted  with  a  4.8%  binder  content  in 
spite  of  the  low  VMA.  Studies  have  been  reported  (Ref  5)  which  indicate 
that  a  minimum  VMA  in  mix  design  will  not  guarantee  good  pavement 
performance,  and  that  minimum  VMA  requirements  can  eliminate  some 
aggregates  from  use  which  have  acceptable  service  records.  Some  studies 
(Ref  5)  have  Indicated  that  a  minimum  VMA  limit  under  12%  is  a  more 
appropriate  specification  limit.  Because  of  the  questionable  value  of 
the  current  minimum  VMA  standards  and  because  the  limestone  aggregate 
used  in  this  research  had  previously  been  used  in  many  successful  mixes. 
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the  VMA  of  13%  for  the  asphalt  concrete  mix  with  4.8%  binder  content  was 
accepted. 

Asphalt-Rubber  Concrete  Mix 

The  asphalt-rubber  binder  was  obtained  from  a  Texas  State  Department 
of  Highways  and  Public  Transportation  project  in  Victoria,  Texas  and 
shall  hereafter  be  referred  to  as  Victoria  asphalt-rubber.  The  job  was 
being  performed  by  the  Arizona  Refining  Company,  who  produced  the 
asphalt-rubber  material.  Victoria  asphalt-rubber  was  a  mix  of  77%  AC-10 
asphalt  cement  with  3%  extender  oil  and  20%  rubber  which  was  digested  for 
about  two  hours.  The  rubber  was  a  blend  of  the  following  types  of 
ambient  grind,  vulcanized  whole  tire  rubber:  Baker  CR40  (40%)  and  C107 
(20%),  and  Genstar  C106  (30%)  and  Cl  12  (10%).  The  combined  rubber 
gradation  is  shown  in  Figure  4.  As  discussed  in  Volume  1  of  this  report, 
an  adjusted  aggregate  blend  must  be  calculated  which  accounts  for  t*e 
rubber  particles  in  the  mix.  The  calculated,  adjusted  aggreaate 
for  the  Victoria  asphalt-rubber  concrete  is  shown  in  Table  3  and  is 
compared  with  the  unadjusted  aggregate  blend  which  meets  the  FAA 
specification  at  mid-band.  It  can  be  seen  from  this  table  that  the 
adjusted  blend  of  the  mineral  aggregate  (aggregate  weight,  for  blend  with 
rubber)  was  almost  the  same  as  the  unadjusted  aggregate  mixture 
(aggregate  weight,  for  blend  without  rubber)  which  did  not  account  for 
rubber  particles  acting  as  aggregate  in  the  mix.  The  difference  between 
the  two  aggregate  blends  was  too  small  to  be  accurately  measured  when 
preparing  the  aggregate  mixture  for  use  in  making  test  specimens.  Also, 
the  difference  in  the  two  blends  was  probably  smaller  than  random 
differences  in  the  aggregates  would  be.  Therefore,  it  was  decided  that 
in  this  case  the  same  aggregate  weights  could  be  used  for  both  the 
asphalt  concrete  control  and  the  asphalt-rubber  concrete  test  samples. 

It  must  be  emphasized  here  that  the  aggregate  mixture  modification  which 
accounts  for  the  rubber  particles  in  the  mix  must  always  be  checked 
before  this  decision  can  be  made. 

A  modified  Marshall  mix  design  was  performed  using  the  Victoria 
asphalt-rubber  and  the  FAA  specification  mid-band  aggregate  gradation. 
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Figure  4.  Gradation  of  the  Rubber  in  the  Victoria  Asphalt-Rubber 
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However,  It  was  quickly  realized  that  the  air  void  contents  in  these 
Marshall  samples  were  higher  than  the  air  void  contents  in  the  asphalt 
concrete  control  samples,  and  that  the  standard  requirement  in  the 
Marshall  mix  design  method  for  three  to  five  percent  air  voids  could  not 
be  met.  The  difficulties  experienced  by  earlier  researchers  in 
compacting  asphalt-rubber  materials  In  the  laboratory  was  discussed  in 
Volume  1  of  this  report.  Higher  air  void  contents  and  swelling  of 
samples  after  extrusion  from  molds  have  been  experienced  previously. 

This  was  due  possibly  to  a  rebound  action  of  the  rubber  particles  away 
from  the  walls  of  the  mold.  Because  of  this,  an  air  void  content  of  7% 
was  chosen  as  the  optimum  for  the  asphalt-rubber  concrete  in  this  mix 
design,  with  the  realization  that  the  asphalt-rubber  concrete  might  still 
perform  well  in  the  testing  phase  of  the  study  and  that  it  might  compact 
better  in  the  field.  An  air  void  content  of  7%  was  considered  to  be  low 
enough  to  avoid  the  problem  of  the  air  voids  becoming  interconnected 
within  the  mix,  causing  moisture  susceptibility.  Plots  of  the  mix  design 
results  for  the  Victoria  asphalt-rubber  concrete  are  shown  in  Figure  5. 
The  optimum  binder  content  was  chosen  as  follows: 


Property 

%  Binder 

Unit  Weight 

4.875% 

Marshall  Stability 

4.050% 

%  Air  Voids 

5.265% 

Optimum 

4.730% 

Use 

4.73% 

The  mix  design  data  summarized  above  resulted  in  optimum  binder 
contents  for  the  two  materials  (asphalt  concrete  control  and  Victoria 
asphalt-rubber  concrete)  which  were  close  enough  to  each  other  to  be 
considered  the  same.  This  was  not  expected. 

Construction  guidelines  generally  specify  a  +  0.5%  tolerance  on 
binder  content.  Therefore,  the  asphalt-rubber  concrete  was  tested  at  the 
optimum  binder  content  and  at  optimum  _+  0.5%.  In  the  testing  program  in 
this  study,  four  mixes  were  tested  as  shown  below. 
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Material 

Binder  Content 

%  Asphalt 
Cement  and 
Extender  Oil 

%  Rubber 

%  Binder 

Control  AC-10 

Optimum 

100 

0 

4.80 

Asphalt-Rubber 

Concrete 

Low  (-0.5%) 

80 

20 

4.23 

Asphalt-Rubber 

Concrete 

Medium  (Optimum) 

80 

20 

4.73 

Asphalt-Rubber 

High  (+0.5%) 

80 

20 

5.23 

Concrete 


DESIGN  OF  EXPERIMENTS 

In  order  to  make  a  comparison  of  the  performance  and  life  cycle  cost 
of  asphalt  concrete  with  asphalt-rubber  concrete,  a  number  of  laboratory 
tests  were  performed  to  characterize  the  Important  properties  of  each 
mix.  These  tests  Included:  Marshall  Stability,  Resilient  Modulus  Tests, 
Beam  Fatigue  Tests,  Crack  Propagation  Tests  with  the  TTI  "Overlay" 

Tester,  Creep  Tests,  and  Repeated  Load  Tests.  The  properties  determined 
by  these  tests  are  subsequently  used  In  predicting  the  performance  of  an 
airport  pavement  under  a  variety  of  commercial  aircraft.  The  results  of 
these  predictions  are  discussed  In  Chapter  III  of  this  volume.  Each  of 
these  tests  is  described  in  more  detail  in  the  following  sections. 

It  is  Important  to  determine  the  material  properties  over  a  practical 
range  of  stress  and  temperature  conditions  and  to  test  a  sufficient 
number  of  replicates  to  permit  a  reliable  representation  of  these 
properties. 

In  the  resilient  modulus  tests,  three  temperatures  were  used,  33°F 

(0°C),  77°F  (25°C) ,  and  104°F  (40°C),  for  all  four  materials:  the  AC-10 
control  mix,  and  the  low,  medium,  and  high  binder  content  asphalt-rubber 
concrete.  Three  replicates  were  used  for  each  combination  of  temperaturp 
and  mix. 

8eam  fatigue  tests  were  made  at  three  temperatures:  34°F  ( 1 °C  1 ,  68°F 

(20°C),  and  104°F  (40°C)  in  order  to  obtain  the  temperature  dependence  of 
the  fatigue  properties  of  each  mix.  Three  replicates  were  used  at  each 


of  three  initial  stress  levels,  making  a  total  of  nine  beam  tests  that 
were  made  for  each  combination  of  temperature  and  mix. 

The  Crack  Propagation  Tests  were  made  with  the  Texas  Transportation 
Institute  overlay  tester  which  will  be  described  more  in  detail  in  a 
subsequent  section.  The  device  Is  designed  to  repeatedly  open  and  close 
a  crack  of  constant  width  along  the  bottom  edge  of  a  beam  sample  and  is 
used  to  measure  the  fracture  properties  of  the  beam  material.  This  test 
has  been  found  to  be  more  reliable  and  repeatable  than  the  beam  fatigue 
tests  in  providing  material  properties.  Tests  were  made  at  two 

temperatures,  34°F  (1°C)  and  77°F  (25°C).  Two  replications  were  made  on 
each  combination  of  temperature  and  mix. 

Repeated  load  tests  were  also  made  on  cylindrical  samples  of  the  same 
size  as  the  creep  tests,  i.e.,  4  inches  (10  cm)  in  diameter  and  8  inches 
(20  cm)  high.  The  purpose  of  the  test  is  to  determine  how  permanent,  or 
plastic,  deformation  is  accumulated  in  a  material  that  is  subjected  to 
repeated  stresses  similar  to  those  which  are  applied  by  passing  aircraft 
traffic.  The  testing  procedure  is  as  recommended  by  the  Federal  Highway 
Administration  to  provide  input  data  for  the  VESYS  programs  (Ref  6).  The 
test  procedure  is  described  in  more  detail  in  a  subsequent  section. 

Tests  were  made  at  three  temperatures,  40°F  (4.4°C),  70°F  (21.1 °C )  and 

100°F  (37.8°C).  One  sample  was  tested  for  each  combination  of  material 
and  temperature. 

TESTING  PROGRAM  AND  CHARACTERIZATION  OF  MATERIALS 

Laboratory  test  results  were  used  for  most  of  the  material 
characterization  of  the  asphalt  material  comprising  the  top  layer.  The 
material  parameters  and  the  tests  used  to  define  them  are  described 
below. 

For  the  underlying  layers,  typical  materials  were  selected  and  the 
material  characterization  for  these  layers  was  estimated  and  then  held 
constant  for  all  combinations  of  surface  material,  environmental  zone, 
and  aircraft  traffic.  (See  the  section  on  Design  Data  in  Chapter  III  in 
this  report.)  This  was  done  to  ensure  that  differences  in  the  resultant 


pavement  damage  could  be  attributed  to  differences  in  the  material 
response  of  the  top  (bituminous)  layer,  which  was  varied  from  asphalt 
concrete  through  three  binder  contents  of  asphalt-rubber  concrete. 


Marshall  Stability 

The  Marshall  stability  results  from  the  mix  designs  were  used  to 
obtain  a  preliminary  evaluation  of  the  comparative  resistance  to 
deformation  of  the  materials.  Marshall  stabilities  were  performed  as 
described  in  the  Marshall  mix  design  method  as  outlined  in  MS-2  of  the 
Asphalt  Institute  (Ref  4). 

The  maximum  stabilities  for  the  two  mixes  (AC-10  asphalt  concrete 
control  and  Victoria  asphalt-rubber  concrete)  were  approximately  equal, 
but  the  maximum  stability  for  the  AC  control  material  occurred  at  a 
higher  binder  content  (4.8%)  than  that  of  the  asphalt  rubber  concrete 
material  (4.1%).  The  shapes  of  the  stability  versus  binder  content 
curves  were  similar  (as  shown  in  Figure  6),  indicating  that  the 
stabilities  of  the  two  materials  were  about  equally  sensitive  to  changes 
in  the  binder  content.  For  the  asphalt  concrete,  a  +  0.5%  range  in 
binder  content  above  and  below  the  point  of  maximum  stability  resulted  ir 
a  stability  range  of  about  2,160  to  2,320  pounds;  the  same  range  in 
binder  content  about  the  maximum  stability  point  of  asphalt  rubber 
concrete  resulted  in  a  stability  range  of  about  2,035  to  2,330  pounds. 

The  stabilities  were  well  above  the  minimum  stability  required  for 
heavy  traffic  in  the  Marshall  mix  design  (1,500  pounds),  and  therefore  no 
difficulty  was  expected  in  achieving  the  minimum  stability  at  the  design 
binder  contents. 

Resilient  Modulus 

In  this  study,  resilient  moduli  were  used  as  input  data  to  the 
modified  ILL IPAVE  analysis  program  (Ref  7,  8,  9).  The  resilient  modulus, 
defined  as  the  ratio  of  repeated  axial  deviator  stress  to  the  recoverable 
axial  strain,  was  measured  by  a  Mark  IV  device  as  developed  by  Schmidt 
(Ref  10).  This  device  applies  a  0.1  second  load  pulse  every  three 
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seconds  across  the  vertical  diameter  of  a  cylindrical,  Marshall  type 
specimen.  The  resultant  deformation  (a  dynamic  test  response)  across  the 
horizontal  diameter  Is  measured  by  Gould  Statham  Universal  Transducing 
Cells  (UC3's)  (Ref  11).  Resilient  modulus  is  calculated  according  to  the 
following  formula: 


where  P  *  load  (lbs) 

y  *  Poisson’s  Ratio  for  asphalt  a  0.35 
A  s  change  In  diameter,  or  deformation  (in.xlO-6) 
t  =  sample  height  (In.) 

Curves  of  resilient  modulus  (psl)  versus  temperature  (°F)  were 
plotted  for  each  material  and  are  shown  in  Figure  7.  A  combined  plot  of 
resilient  modulus  versus  temperature,  shown  in  Figure  8,  indicated  that 
the  asphalt  concrete  control  material  had  a  modulus  which  was  more 
temperature  susceptible  than  the  moduli  of  the  asphalt-rubber  materials. 

The  diametral  resilient  modulus  described  above  "is  often  subjected 
to  criticism  because  of  the  light  load  used,  the  conditions  of  biaxial 
stressing  and  the  rigid  assumptions  which  should  be  closely  adhered  to, 
but  are  not,  in  order  for  the  cylindrical,  diametrically  loaded  specimen 
to  respond  elastically"  (Ref  12,  p.  182).  However,  for  this  study,  the 
resilient  modulus  was  chosen  because  it  is  easily  obtained  at  different 
temperatures;  and  for  purposes  of  comparison  of  materials  it  was  felt 
that  the  resilient  modulus  was  a  sufficient  estimate  of  modulus  to  be 
used  in  the  analysis  program.  In  reality,  however,  for  viscoelastic 
materials  like  asphalt  and  rubberized  asphalt,  the  modulus  is  variable 
and  depends  upon  load  duration  and  temperature.  Creep  compliance,  which 
is  the  inverse  of  the  time-dependent  modulus,  is  commonly  used  by 
researchers  to  describe  the  variation  of  modulus  with  load  duration  of 
viscoelastic  materials  (Ref  13).  In  this  study,  creep  compliances  were 
calculated  and  compared  for  the  asphalt  materials.  (See  the  section  on 
Creep  Testing  and  Creep  Compliances  in  this  renort.) 
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Combined  Plot  Showing  Resilient  Modulus  Versus 
Temperature  for  the  Four  Materials  in  This  Study. 


It  is  a  better  approximation  of  field  conditions  to  use  a  modulus  for 
the  underlying  layers  which  is  stress-sensitive  and  is  calculated  by  the 
program  for  each  stress  condition.  The  ILL  I  PAVE  program  as  modified  at 
Texas  AAM  University  and  used  in  this  study  has  this  capability  (Ref  8). 
However,  primarily  to  ensure  a  consistent  response  of  the  underlying 
layers,  the  moduli  were  input  as  constants  for  those  layers.  The 
assumption  was  made  that  temperature  effects  were  only  felt  in  the 
bituminous  layer,  which  was  15.5  Inches  thick. 

Fatigue  Testing  and  Fatigue  Parameters 

Fatigue  is  the  phenomenon  "of  repetitive  load-induced  cracking  due  to 
a  repeated  stress  or  strain  level  below  the  ultimate  strength  of  the 
material"  (Ref  10,  p.  282).  Fatigue  cracking  generally  is  considered  to 
initiate  at  the  bottom  of  the  asphalt  layer  and  then  propagate  upwards  to 
the  pavement  surface.  Thus,  the  tensile  strain  at  the  bottom  of  the 
stiff  layer  (often  the  asphalt  layer)  is  chosen  as  one  of  the  failure 
criteria  in  most  pavement  analyses.  Several  methods  of  fatigue  testing 
and  analysis  can  be  performed  using  various  types  of  specimens.  The 
phenomenological  regression  approach  and  the  fracture  mechanics  approach 
were  applied  to  the  materials  in  this  study. 

The  phenomenological  regression  approach  is  the  most  commonly  used 
method  for  analyzing  highway  materials  (Ref  12).  The  surface  layer  is 
characterized  for  fatigue  using  the  familiar  relation: 

Nf  -  Ki  (l/et)K2  (2) 

where  Nf  *  number  of  repetitions  or  load  applications  to  failure 

Ef  3  tensile  strain  induced 
K] ,  K2  =  regression  constants 

This  equation  describes  a  straight  line  on  a  plot  of  cycles  to  failure 
versus  bending  strain,  where  log  is  the  intercept  of  the  y-axis 
(y-axis  occurs  where  log  Kj  *  0,  or  Kj  =  1),  and  -K^  is  the  slope  of  the 
straight  line.  The  parameters  are  influenced  by  such  factors  as  the  type 


of  load,  dimensions  of  the  test  specimen,  loading  rate,  test  type, 
temperature,  and  properties  of  the  mix,  including  air  voids,  aggregate 
gradation  and  type,  asphalt  content  and  viscosity,  etc.  Thus,  K-|  and  <2 
are  not  material  properties  (Ref  12). 

This  study  used  beam  fatigue  tests.  These  can  be  performed  in 
either  a  controlled  stress  or  a  controlled  strain  mode.  The  type  of 
pavement  being  simulated  in  the  testing  determines  which  mode  of  testing 
is  proper  (Ref  12).  Previous  researchers  have  stated  that  controlled 
stress  loading  Is  typically  experienced  by  stiff,  thick  pavements  (six 
Inches  thick  or  more).  Controlled  strain  loading  is  encountered  in  thin 
pavements  of  two  inches  thick  or  less  (Ref  14;  this  reference  quotes  Ref 
15).  Because  airfield  pavements  are  designed  for  heavy  aircraft  loads, 
they  would  be  thick  and  therefore  subject  to  controlled  stress  loading. 
This  was  the  type  of  loading  applied  in  the  beam  fatigue  tests. 

This  study  followed  the  procedures  for  fatigue  testing  which  are 
described  in  the  VESYS  I IH  User's  Manual  (Ref  6).  VESYS  uses  a  repeated 
load  flexure  device  with  beam  specimens.  The  third-point  loading 
configuration  theoretically  applies  a  constant  bending  moment  over  the 
center  4  inches  of  a  15  inch  long  specimen  (Ref  6).  The  deflection  up 
and  down  is  measured  at  the  center  of  the  beam  with  a  Linear  Variable 
Differential  Transformer,  LVDT,  which  in  these  tests  was  bonded  to  the 
specimen  with  a  stiff  clay.  This  study  used  a  device  which  applied  a 
repeated  tension-compression  load  in  the  form  of  a  haversine  wave  for  0.1 
second  duration  with  0.4  second  rest  periods.  A  schematic  of  the  device 
is  shown  in  Figure  9. 

Temperature  (which  affects  binder  stiffness)  and  stress  level  both 
have  a  pronounced  effect  upon  fatigue  life.  Therefore,  the  temperature 
around  the  fatigue  devices  was  controlled  and  fatigue  tests  were 
performed  at  a  variety  of  temperatures  and  stress  levels.  Tests  were 

performed  in  temperature  chambers  at  34°F  (1°C),  68°F  (20°C),  and  104°F 

(40°C),  Applied  loads  were  chosen  so  that  some  specimens  failed  at  cycle 
numbers  In  the  thousands,  some  at  cycle  numbers  in  the  tens  of  thousands, 
and  some  at  cycle  numbers  in  the  hundreds  of  thousands.  This  was  done  by 
a  trial -and-error  method;  but  the  aim  of  obtaining  a  range  of  data  points 
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1.  Reaction  clamp  7.  Load  bar 

2  load  clamp  8.  Piston  rod 
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6  Stop  nuts 


Figure  9.  Repeated  Flexural  Apparatus  Used  for  Beam  Fatigue 
Tests.  (Reference  10) 
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Mas  achieved  fairly  easily.  A  strip  chart  was  used  to  record  chart  load 
and  chart  deformation.  This  information,  along  with  initial  bending 
strain  and  the  number  of  cycles  to  failure,  was  put  into  a  computer 
program  which  calculated  the  following:  load  in  pounds,  deflection  in 
inches,  elastic  modulus,  bending  strain,  and  the  parameters  K-|  and  K2 
with  an  R-value  to  estimate  the  goodness  of  fit  (Figure  10).  Initial 
bending  strain  was  the  strain  measured  in  the  beam  at  the  beginning  of 
the  test,  usually  at  or  around  200  cycles.  At  200  cycles,  it  was  assumed 
that  the  test  machine  was  set  up  and  functioning  smoothly  and  that  at 
this  time  the  initial  bending  strain  could  be  read  without  fluctuation 
introduced  by  adjusting  the  equipment  setup  or  by  transient  responses  in 
the  test  specimen.  The  program  also  plotted  initial  bending  strain,  , 
versus  number  of  cycles  to  failure,  Nf  (Figure  11).  On  this  plot  there 
is  one  data  point  for  each  specimen  tested;  the  data  points  should  plot 
approximately  as  a  straight  line.  However,  in  this  research  and  in  all 
other  published  fatigue  test  results  there  is  quite  a  bit  of  scatter  in 
the  data  points.  Therefore,  a  best-fit  line  is  regressed  through  the 
data  points.  The  parameters  and  the  R-values  which  describe  the 
goodness-of-fit  of  the  regression  equations  calculated  from  the 
laboratory  tests  are  summarized  in  Table  4. 

Several  researchers  have  postulated  that  "a  linear  relationship 
exists  between  K2  and  log  K] ,  irrespective  of  mixture  properties  and  test 
procedures"  (Ref  16,  p.  40;  contains  references  to  Ref  17  and  Ref  18). 

The  results  from  the  laboratory  tests  in  this  study  were  therefore 
plotted  to  see  if  this  held  true  for  the  tests  in  this  study  (Figure  12). 
As  can  be  seen  In  the  plot,  a  roughly  linear  relation  was  confirmed. 
Kennedy  (Ref  16,  17)  developed  the  following  linear  regression 
relationship  from  combining  several  sets  of  data: 


K2  =  1.350  -  0.252  log  K]  (R  *  0.95;  se  =  0.29) 


(3) 


27 


BEAM  FATIGUE  DATA 


PROJECT  DESCRIPTION: 

TTI  RF49S2  -  ARC-MEDIUM  rf  104  F. 


TEST  DATE  9-23-83 


BEAM 

CHART 

LOAD 

CHART 

DEF  IN 

E 

BENDING 

CYCLES  Tl 

NUMBER 

LOAD 

POUNDS 

DEF 

INCHES 

MODULUS 

STRAIN 

FAILURE 

F10M 

3 

60 

3.2 

. 0266636 

11833.4 

. 0022508 

4186 

F13M 

2 

40 

7.4 

.0123284 

17066.2 

.0010406 

13460 

F14M 

3 

60 

6.6 

.0219978 

14346.8 

.0018568 

13780 

F16M 

3 

50 

6 

. 009996 

26310.3 

. 0008437 

37986 

F18M 

2 

40 

7 

.01 1662 

18041.3 

. 0009843 

413700 

F19M 

3.6 

72 

6 

.019998 

18937.8 

.001688 

6769 

F20M 

3 

60 

3.6 

. 0299988 

10320.4 

. 0023322 

3071 

F22M 

2.2 

44 

5.8 

. 0096628 

23951.6 

.0008156 

358793 

F23M 

3 

30 

3.6 

. 0093296 

28189.8 

. 0007875 

81467 

THE  REGRESSION  EQUATION  IS  OF  THE  FORMs 

CYCLES  TO  FAILURE-K1*  <  (1/BENDING  STRAIN>~h'2> 
IN  THIS  SAMPLE,  THE  CONSTANTS  K1  AND  K2  ARE: 

Kl«  1. 04873 199046E-5  K2=  3. 23094736808 


CORRELATION  COEFFICIENT  R— . 833275432648 


THIS  EQUATION  GIVES  THE  FOLLOWING  RESULTS. 


SAMPLE  NUMBER 
1 
2 

3 

4 

5 

6 

7 

8 
9 


CYCLES 

TO  FAILURE 

BENDING  STRAIN 

PREDICTED 

ACTUAL 

. 0022508605 

4459 

4186 

.0010406482 

55096 

15460 

.0018368485 

8348 

13780 

. 0008437688 

109131 

37986 

. 0009843969 

66035 

413700 

.0016880441 

11389 

6769 

.002332218 

3038 

3071 

.0008156431 

121880 

338793 

.0007873175' 

136646 

81467 

Figure  10.  Computer  Printout  of  Fatigue  Data  Analysis  and 
Calculated  Fatigue  Parameters. 
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TABLE  4.  Material  Parameters  Calculated  from  Laboratory  Fatigue  Tests 
Performed  in  This  Study. 


Temperature,  Number  of 


Material 

°F  (°C) 

Samples 

R 

*1 

*2 

logKi 

AC-10  Control 

104  (40) 

8 

-0.89 

3.21xlO~3 

2.35 

-2.49 

68  (20) 

8 

-0.95 

9.48xl0"12 

4.69 

-11.02 

34  (1) 

7 

-0.63 

1.43xl0“6 

2.92 

-5.85 

ARC -Low 

104  (40) 

10 

-0.96 

2.72xl0"6 

3.38 

-5.57 

68  (20) 

9 

-0.92 

1.03x10"® 

3.17 

-5.99 

34  (1) 

7 

-0.93 

4.47xl0"12 

4.48 

-11.35 

ARC -Medium 

104  (40) 

10 

-0.85 

2.82xl0”6 

3.47 

-5.55 

68  (20) 

9 

-0.98 

3.16x10“® 

2.82 

-4.50 

34  (1) 

9 

-0.86 

9.91 xlO"10 

4.04 

-9.00 

ARC-High 

104  (40) 

10 

-0.91 

1.02xl0"4 

2.95 

-3.99 

68  (20) 

10 

-0.99 

4.90xl0~4 

2.52 

-3.31 

34  (1) 

8 

-0.81 

3.82xl0"7 

3.19 

-6.42 

FATKMJC  CONSTANTS 
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Figure  12.  Combined  Plot  of  F«t1gue  Parameter*  Calculated 
from  Laboratory  Data. 
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The  K]  values  computed  from  the  lab  data  in  this  study  were  used  in 
Kennedy's  regression  equation  to  see  how  well  the  K?  values  calculated 
from  Kennedy's  equation  compared  with  the  K2  values  calculated  from  the 
lab  data.  The  results  and  comparisons  are  tabulated  in  Table  5. 

In  order  to  use  the  laboratory  results  in  a  comparative  analysis 
which  was  sensitive  to  the  differences  due  to  both  material  and 
temperature,  a  double  regression  procedure  was  applied  to  the  lab  data, 
as  follows.  First,  (log  K-j  {  versus  log  T  (where  T  indicates  temperature 
in  Fahrenheit  degrees)  was  plotted  and  a  linear  regression  was  performed 
for  each  of  the  four  materials  (asphalt  concrete  control  and  three  binder 
contents  of  asphalt-rubber  concrete;  see  Figure  13).  This  yielded  a  set 
of  equations  (one  for  each  material)  where  temperature  was  the 
Independent  variable  and  K}  was  the  dependent  variable.  Then  <2  versus 
log  Ki  was  plotted  and  a  linear  regression  was  performed  for  each 
material  (see  Figure  14).  This  yielded  a  set  of  equations  with  log  K;  as 
the  independent  variable  and  K2  as  the  dependent  variable.  Using  these 
sets  of  equations,  any  temperature  could  be  chosen  and  the  fatigue 
parameters  could  be  calculated  for  each  material  at  that  temperature. 

The  equations  thus  derived  are  shown  in  Table  6.  The  fatigue  parameters 
calculated  for  some  of  the  temperatures  used  to  characterize  seasons 
within  the  environmental  zones  are  shown  in  Table  7. 

Several  researchers  have  previously  shown  that  the  number  of  cycles 
to  failure  experienced  by  materials  in  the  laboratory  is  lower  than  that 
experienced  by  materials  in  the  field.  Such  factors  as  healing  of  the 
pavement  between  load  applications,  residual  stresses,  and  variability  in 
the  position  of  the  wheel  load  are  not  accounted  for  by  the  laboratory 
fatigue  relationship  (Ref  12).  This  difference  can  be  adjusted  for  by 
applying  a  multiplier  to  the  laboratory  value  of  K; .  Finn  (Ref  19), 
after  looking  at  field  data  versus  laboratory  data  from  the  AASHO  Road 
Test  in  Illinois,  has  suggested  that  a  multiplier  of  13  applied  to  the 
value  of  Ki  would  adjust  the  lab  data  to  more  accurately  represent  the 
field  fatigue  life  of  asphalt  materials.  Therefore,  a  sampling  of  the 
computer  runs  made  in  this  study  were  rerun  with  (K;)Field  =  1 3* ( K-|  )Lab. 
In  general,  the  result  was  to  divide  the  calculated  cracking  index  by  13 
when  the  (K;)Field  was  used.  Therefore,  the  cracking  index  for  total 
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TABLE  5.  Comparison  of  the  Fatigue  Parameter  K2  From  Laboratory  Tests 

Conducted  in  This  Study  to  the  Parameter  <2  Calculated  From  the 
Regression  Equation  Developed  in  Reference  17. 


Regression  Equation  from  Reference  17: 

K2  *  1.350  -  0.252  logKi 
(R  *  0.95;  se  =  0.29) 

From 


From  Lab  Tests, 

Ref  17 

A  = 

Temperature, 

This  Study 

Equation, 

0<2)lab  - 

Materi al 

°F  (°C) 

(Kl)lab 

(K2>lab  (*2)Ref  17 

(K2)Ref  17 

AC-10  Control 

104  (40) 

3. 21 xl 0“3 

2.35 

1.98 

0.37 

68  (20) 

9.48xl0"12 

4.69 

4.13 

0.56 

34  (1) 

1 .43x1 O”6 

2.92 

2.82 

0.10 

ARC -Low 

104  (40) 

2.72x10”® 

3.38 

2.75 

0.63 

68  (20) 

1.03xl0”6 

3.17 

2.86 

0.31 

34  (1) 

4.47xl0”12 

4.48 

4.21 

0.27 

ARC -Medium 

104  (40) 

2.82x10”® 

3.47 

2.75 

0.72 

68  (20) 

3.16xl0”5 

2.82 

2.48 

0.34 

34  (1) 

9.91 xl 0-1 0 

4.04 

3.62 

0.42 

ARC -High 

104  (40) 

1.02xl0”4 

2.95 

2.36 

0.59 

68  (20) 

4.90xl0"4 

2.52 

2.18 

0.33 

34  (1) 

3.82xl0-7 

3.19 

2.97 

0.23 

TABLE  6 


Regression  Equations  Generated  From  Laboratory  Data  and 
Predict  Fatigue  Parameters  for  Any  Temperature  (°F). 

|log  K]|  vs. 

log  T(°F) 

AC-10  Control 

1 1  og  Kil 

=  14.630  -  4.558  log  T 

ARC-Low 

(log  K-\  | 

=  30.034  -  12.488  log  T 

ARC -Medium 

(log  K]  | 

=  20.483  -  7.879  log  T 

ARC-High 

|log  K] | 

«  14.466  -  5.516  log  T 

K2  vs. 

logKi 

AC-10  Control 

k2  =  1 . 

512  -  0.280  (log  K] ) 

ARC-low 
ARC -Medium 
ARC-High 


K2  «  2.05?  -  0.213  (log  K] ) 
K2  =  1.900  -  0.243  (log  K]  ) 
K2  =  2.033  -  0.187  (log  K] ) 
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TABLE  7.  Fatigue  Parameter  Values  Calculated  for  Selected  Temperatures 
from  Regression  Equations  Developed  for  the  Materials  In  This 
Study. 


Material 


AC-10  Control 


ARC -Low 


ARC-Medium 


ARC-High 


Temperature 
°F  (°C) 


35  (1.7) 
50  (10.0) 
60  (15.6) 
75  (23.9) 
90  (32.2) 
105  (40.6) 

35  (1.7) 
50  (10.0) 
60  (15.6) 
75  (23.9) 
90  (32.2) 
105  (40.6) 

35  (1.7) 
50  (10.0) 
60  (15.6) 
75  (23.9) 
90  (32.2) 
105  (40.6) 

35  (1.7) 
50  (10.0) 
60  (15.6) 
75  (23.9) 
90  (32.2) 
105  (40.6 


(not  adjusted  to 
field  conditions) 


2.56x10“® 
1 . 30x1 0“7 
2.99xl0"7 
8.26x10 
1.90x10 
3.83x10 

1.77x10 
1.52x10 
1.48x10 
2.41x10 
2.35x10 
1.61x10 

4.81x10 
7.99x10 
3.36x10 
1.95x10 
8.20x10 
2.76x10 

1.12x10 
8.03x10 
2.20x10 
7.52x10 
2.06x10 
4.81x10 


Nf,  when 
e«  10"31n/in 


combined  traffic  from  each  ILLIPAVE  run  was  divided  by  13  to  give  the 
field  estimate  of  fatigue  life.  In  this  report,  the  designation  of  field 
fatigue  life  Is  used  to  describe  the  calculated  cracking  Index  after  It 
has  been  divided  by  the  adjustment  factor  of  13. 

The  adjustment  factor  of  13  which  was  derived  by  Finn  to  be  applied 
to  laboratory  values  of  may  not  be  accurate  for  all  types  of 
materials.  A  means  has  been  developed  to  derive  the  K]  adjustment  factor 
for  a  material  from  laboratory  data  which  Involve  the  creep,  permanent 
deformation,  and  healing  properties  of  the  material  (Ref  20).  Additional 
tests  Involving  healing  would  need  to  be  performed  on  the  materials  in 
this  study  to  apply  this  method. 

The  phenomenological  regression  approach  to  fatigue  Is  a  somewhat 
simple  approach  which  has  been  adopted  by  many  researchers.  However, 
this  approach  does  not  consider  crack  Initiation  and  propagation.  This 
aspect  Is  considered  by  fracture  mechanics  methods.  The  test  described 
in  the  next  section  is  one  of  these  methods. 


Overlay  Testing  and  Fracture  Properties 

The  Texas  Transportation  Institute  "overlay  tester"  was  originally 
developed  to  Investigate  thermal  reflection  cracking  in  overlays  but  its 
versatility  and  repeatability  have  made  it  a  regular  part  of  the 
laboratory  Investigation  of  paving  materials.  The  overlay  tester  is 
shown  schematically  In  Figure  15.  A  beam  made  of  the  paving  material  Is 
fastened  to  two  platens,  one  fixed  and  the  other  movable.  The  center 
line  of  the  beam  Is  placed  above  the  joint  between  the  two  platens.  A 
force,  P,  Is  exerted  on  the  movable  platen  to  open  and  close  a  crack  In 
the  bottom  of  the  beam.  The  maximum  opening  is  pre-set  and  the  opening, 
u,  is  monitored  continuously  with  a  Linear  Variable  Differential 
Transformer,  LVDT,  while,  at  the  same  time,  the  load,  P,  is  measured  with 
a  load  cell.  Repeated  opening  and  closing  of  the  joint  drives  the  crack 
upward  progressively  and  it  eventually  reaches  the  top  of  the  beam,  at 
which  time  the  test  is  terminated. 

The  test  was  devised  to  simulate  the  opening  and  closing  of  the  crack 
or  joint  in  an  old  pavement  beneath  an  overlay  due  to  changes  in  daily 
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Figure  15.  Schematic  Diagram  of  the  Texas  Transportation  Institute 
Overlay  Tester. 


temperature.  The  crack  length  is  observed  and  measured  visually  on  each 
side  of  the  beam  sample  and  the  average  crack  length  is  used  to  compute 
the  fracture  properties  of  the  beam  material.  The  strain  in  the  top 
fiber  Is  measured  with  another  LVDT  principally  when  a  strain  relieving 
layer  has  been  built  into  the  beam  so  as  to  determine  the  extent  to  which 
strain  has  been  relieved. 

The  fracture  properties  that  are  measured  are  the  constants  A  and  n 
that  appear  In  Paris'  Law  (Ref  21),  as  follows: 

%  =  A  (AK)"  (4) 

where  c  *  the  crack  length 

N  =  the  number  of  load  cycles 

dc/dN  =  the  "crack  speed",  or  the  rate  of  growth  of  the  crack. 

Ak  -  the  change  of  "stress  intensity  factor"  during  the 

application  of  the  load 

A  *  the  fracture  coefficient 

n  =  the  fracture  exponent 

The  "stress  intensity  factor"  is  calculated  with  an  elastic  finite 
element  computer  program  and  is  taken  from  a  graph  of  Kd  /^u  versus  c/d, 
as  shown  in  Figure  16.  Once  the  crack  length  ratio,  c/d,  is  known,  the 
value  of  the  change  of  stress  intensity  factor,  AK,  during  the  load  cycle 
can  be  calculated. 

A  graph  of  the  "crack  speed",  dc/dN,  versus  the  change  of  stress 
intensity  factor,  both  on  a  logarithmic  scale,  shows  a  straight-line 
portion  with  a  slope,  n,  and  an  intercept.  A,  as  shown  in  Figure  17. 

The  measured  values  of  A  and  n  are  given  in  Table  8,  along  with  some 
of  the  other  test  data. 

Although  these  constants  are  derived  empirically  from  this  test,  it 
has  been  shown  theoretically  (Ref  22)  that  the  fracture  coefficient.  A, 
depends  upon  the  tensile  strength  and  creep  compliance  of  the  beam 
material  in  tension  and  that  the  fracture  exponent,  n,  depends  solely 
upon  the  slope  of  the  creep  compliance  curve.  This  relationship  will  be 
shown  in  a  subsequent  section  of  this  chapter.  Because  both  A  and  n 
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CHANGE  OF  STRESS  INTENSITY  FACTOR 


AKd 


RELATIVE  CRACK  LENGTH 


Figure  16.  Computed  Relation  Between  Change  of  Stress  Intensity 
Factor  and  Crack  Length. 


CHANGE  OF  STRESS  INTENSITY  FACTOR 


Figure  17.  Typical  Graph  of  Crack  Speed  Versus  Change  of 
Stress  Intensity  Factor. 


TABLE  8 


Results  of  Fracture  Tests 


Load  No.  of 


Crack 

Cycle 

Cycles 

Fracture 

Sample 

Temp. 

Opening, 

Time, 

to 

Properties 

Material 

No. 

°F  (°C) 

In. 

sec. 

Failure  A 

n 

AC-10 

TIC 

34  (1°) 

0.02 

20 

4 

0.160X101 

-0.075 

(4.73% 

T4C 

34  (1°) 

0.02 

20 

30 

0.363xl0"3 

0.875 

Binder) 

T2C 

77  (25°) 

0.07 

10 

9 

0.292x1  O'4 

1.61 

T3C 

77  (25°) 

0.05 

10 

142 

0.300xl0"10 

3.34 

ARC -Low 

TIL 

34  (1°) 

0.02 

20 

400 

0.1 23x1 04 

-1.47 

(4.23% 

T3L 

34  (1°) 

0.02 

20 

834 

0.281xl06 

-2.12 

Binder) 

T4L 

77  (25°) 

0.05 

10 

50 

0.681xl0“9 

3.16 

T2L 

77  (25°) 

0.05 

10 

7 

0.31 2x1 0"4 

1.56 

ARC -Medium 

T2M 

o 

CO 

0.02 

20 

1253 

0.756x10"® 

2.34 

(4.73% 

T4M 

34  (1°) 

0.01 

20 

1084 

0.367xl03 

-1.26 

Binder) 

T3M 

77  (25°) 

0.07 

10 

4 

0.595xl0"2 

0.836 

TIM 

77  (25°) 

0.06 

10 

2 

0.677x10° 

0.07? 

ARC-High 

T2H 

34  (1°) 

0.02 

20 

241 

0.977xl0"8 

l.»2 

(5.23% 

T4H 

34  (1°) 

0.02 

20 

470 

0. 304x1 06 

-2.11 

Binder) 

T5H 

77  (25°) 

0.05 

10 

410 

0.178xl0'13 

6.67 

depend  upon  the  tensile  creep  compliance  of  the  material  In  a  simple  way. 
It  Is  expected  that  they  are  related  to  each  other.  This  expectation  Is 
borne  out  In  fact  and  illustrated  In  Figure  18  which  is  a  graph  of  loglO 
A  versus  n. 

The  most  apparent  feature  of  the  graph  in  Figure  18  is  that  all  of 
the  lines  are  roughly  parallel  with  each  other.  In  fact,  the  slopes  are 
not  equal  between  materials  but  are  virtually  Identical  for  the  same 
material  measured  at  high  and  low  temperatures.  The  slope  of  each  line 
Is  given  In  Table  9. 

It  has  been  found  empirically  that  the  sum  of  n  and  logjo  A,  which  Is 
called  the  "Crack  Speed  Index",  Is  a  good  Indicator  of  the  relative 
effectiveness  of  the  material  In  retarding  cracking.  The  lower  the  Crack 
Speed  Index,  the  better  is  the  material  In  reducing  cracking.  The  last 
column  In  Table  9  gives  average  values  of  the  Crack  Speed  Index. 

On  the  basis  of  the  Crack  Speed  Index  the  ranking  of  the  four 

materials  for  fracture  resistance  at  low  temperatures  (34°F)  from  the 
best  to  the  worst  Is: 

1.  ARC-Medium 

2.  ARC-High 

3.  AC-10 

4.  ARC -Low 

Because  the  fourth  sample  of  the  high  binder  content  asphalt-rubber 
concrete  proved  to  be  defective,  not  all  of  the  materials  can  be  ranked 

for  fracture  resistance  at  moderate  temperatures  (77°F).  However,  of  the 
three  that  can  the  ranked,  their  order,  from  the  best  to  the  worst  is: 

1.  AC-10 

2.  ARC -Low 

3.  ARC-Medium 

These  results  Indicate  that,  with  respect  to  fracture  resistance,  the 
asphalt-rubber  concrete  with  medium  (optimum)  binder  content  performs 

best  at  low  temperatures  (34°F)  whereas  the  asphalt  concrete  performs 

best  at  moderate  temperatures  (77°F). 
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- ARC  High  Binder 

- ARC  M«d.  Binder 


Figure  18.  Graph  of  Login  A  Versus 


TABLE  9.  Slopes  of  the  logjo  A  versus  n  Graph. 


Material 

Temperature 
°F  (°C) 

Slope 

Crack  Speed 
Index 

AC- 10 

34 

a0) 

0.261 

-1.223 

77 

(25°) 

0.289 

-5.054 

ARC -Low 

34 

a0) 

0.276 

2.474 

77 

(25°) 

0.283 

-4.476 

ARC -Medium 

34 

d°) 

0.337 

-2.288 

77 

(25°) 

0.368 

-0.740 

ARC-High 

34 

d°) 

0.291 

-1.408 

77 

(25°) 

— 

— 
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Creep  Testing  and  Creep  Compliances 

The  creep  of  asphaltic  concrete  and  asphalt-rubber  concrete  Is  not 
only  an  Important  material  property  In  Itself,  It  Is  also  related  to  and 
Is  an  Indicator  of  several  Important  properties  of  these  materials 
Including  their  permanent  deformation,  temperature  susceptibility,  and 
fracture  properties.  Because  a  creep  test  is  simple  and  quick  to  run  at 
a  variety  of  temperatures.  It  Is  useful  to  run  a  series  of  these  tests  to 
assist  In  Interpreting  the  expected  performance  of  pavements  built  with 
these  materials. 

The  creep  test  is  made  In  a  temperature  chamber  on  a  cylindrical 
sample  that  Is  4  Inches  (10.8  cm)  In  diameter  and  8  inches  (21.6  cm) 
high.  Collars  are  clipped  around  the  sample  to  support  two  LVDT's  which 
measure  the  displacement  of  the  middle  half  of  the  sample.  A  schematic 
and  a  photograph  of  a  creep  sample  mounted  in  the  testing  equipment  are 
shown  In  Figure  19. 

A  stress  that  Is  less  than  half  of  the  expected  failure  stress  of  the 
sample  Is  applied  to  the  top  surface  of  the  sample  and  is  held  constant 
for  1000  seconds  while  the  two  LVDT's  measure  the  displacement  on 
opposite  sides  of  the  sample.  The  displacement  is  divided  by  the 
distance  between  the  two  LVDT  collars  to  give  a  strain  which  is  recorded 
at  several  times  during  the  length  of  the  test.  The  strain,  e(t),  is 
divided  by  the  constant  applied  stress,  o0,  to  give  the  creep  compliance, 
D(t).  The  results  of  the  creep  tests  which  were  made  on  the  four 
materials  are  given  in  Table  10.  A  plot  of  some  of  the  typical  results 
Is  shown  on  a  semi -logarithmic  graph  in  Figure  20. 

Averages  of  the  compliances  measured  at  each  temperature  were  fit 
with  a  curve  of  the  form 


D(t)  -  Di  t 


m 


(5) 


with  the  resulting  constants  as  shown  in  Table  11.  It  is  apparent  from 
this  table  that  as  the  temperature  Increases,  the  values  of  D]  increase 
and  the  values  of  m  decrease. 
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TABLE  10.  Creep  Compliance  of  Asphalt-Rubber  and  Asphaltic  Concrete  Materials 


Mat  '1 

Time  After  Loading  (sec) 
Sample  Temp.  (°F)  1.00E-01  1.00E+00  1.00E+01 

1.00E+02 

1.00E+03 

AC1 OCont 

AC10-3 

40 

6.88E-07 

1.47E-07* 

3.44E-06 

7.47E-06 

1.59E-05 

AC10-5 

40 

7.50E-07 

1.84E-06 

3.47E-06 

8.59E-06 

1.89E-05 

AC10-10 

40 

5.47E-07 

9.84E-07 

1.95E-06 

4.84E-06 

— 

AC10-7 

70 

3.67E-06 

1.02E-05 

1.89E-05 

2.69E-05 

4.04E-05 

AC10-2 

70 

1.09E-06* 

1.13E-05 

2.23E-05 

2.92E-05 

3.90E-05 

AC10-8 

70 

2.89E-06 

8.28E-06 

1.53E-05 

2.23E-05 

3.38E-05 

AC10-1 

100 

1.46E-05 

2.90E-05 

3.44E-05 

3.96E-05 

4.62E-05 

AC10-4 

100 

1.04E-05 

2.27E-05 

2.55E-05 

2.84E-05 

3.44E-05 

AC10-6 

100 

8.13E-06 

1.88E-05 

2.56E-05 

2.88E-05 

3.98E-05 

AR-Low 

ARIL 

40 

1.44E-06 

2.66E-06 

6.50E-06 

1.16E-05 

1.87E-05 

AR3L 

40 

8.44E-07 

1.78E-06 

3.66E-06 

6.88E-06 

1.33E-05 

AR7L 

40 

1.88E-07 

2.81E-07 

6.88E-07 

1.45E-06 

2.23E-06 

AR2L 

70 

3.13E-06 

8.36E-06 

1.56E-05 

2.23E-05 

2.81E-05 

AR4L 

70 

3.13E-06 

7.81E-06 

1.41E-05 

2.13E-05 

3.01E-05 

AR8L 

70 

3.13E-06 

8.59E-06 

1.62E-05 

2.58E-05 

3.92E-05 

AR5L 

100 

8.54E-06 

1.70E-05 

2.38E-05 

2.75E-05 

3.09E-'J5 

AR6L 

100 

7.92E-06 

1.49E-05 

2.10E-05 

2.71E-05 

3.37E-05 

AR9L 

100 

3.44E-06 

1.58E-05 

2.38E-05 

3.15E-05 

4.22E-05 

AR-Med. 

AR2M 

40 

5.31E-07 

1.31E-06 

2.98E-06 

5.56E-06 

8.93E-06 

AR4M  . 

40 

9.06E-07 

2.06E-06 

4.50E-06 

7.75E-06 

— 

AR6M 

40 

1.00E-06 

2.06E-06 

4.00E-06 

7.72E-06 

1.34E-05 

AR5M 

70 

5.86E-06 

1.65E-05 

2.68E-05 

3.56E-05 

5.08E-05 

AR9M 

70 

3.13E-06 

8.59E-06 

1.51E-05 

2.25E-05 

3.45E-05 

AR1M 

70 

4.58E-06 

1.04E-05 

1.47E-05 

1.77E-05 

2.25E-05 

AR3M 

100 

1.04E-05 

2.07E-05 

2.88E-05 

3.65E-05 

4.81E-05 

AR10M 

100 

4.69E-06 

1.04E-05 

1.47E-05 

1.78E-05 

2.26E-05 

AR8M 

100 

1.03E-05 

2.22E-05 

3.27E-05 

4.24E-05 

5.64E-05 

AR-HIgh 

AR1H 

40 

7.19E-07 

1.53E-06 

3.42E-06 

6.92E-06 

1.43E-05 

AR5H 

40 

6.41E-07 

1.44E-06 

3.16E-06 

6.03E-06 

9.84E-06 

AR8H 

40 

4.38E-07 

1.20E-06 

2.89E-06 

6.17E-06 

1.22E-05 

AR3H 

70 

3.20E-06 

8.75E-06 

1.69E-05 

2.51E-05 

3.89E-05 

AR6H 

70 

4.30E-06 

1.05E-05 

1.93E-05 

3.10E-05 

5.00E-05 

AR7H 

70 

3.05E-06 

7.97E-06 

1.34E-05 

1.76E-05 

2.34E-05 

AR2H 

100 

4.17E-06 

9.38F-06 

1.31E-05 

1.46E-05 

2.29E-05 

AR4H 

100 

9.06E-06 

1.77E-05 

2.48E-05 

3.08E-05 

4.00E-05 

AR9H 

100 

6.15E-06 

1.10E-05 

1.50E-05 

1.69E-05 

1.94E-05 

♦Questionable  measurement 


Figure  20.  Typical  Plot  of  Creep  Compliance  Versus  Time. 


TABLE  11.  Creep  Compl lance  Properties  of  Asphalt -Rubber  Concrete 
and  Asphalt  Concrete  Materials. 


Material 

Temperature  °F  (°C) 

Dl 

m 

AC10  Control 

40  (4.4) 

1.38x10“® 

0.354 

70  (21.1) 

7.91x10"® 

0.254 

100  (37.8) 

1.83x10“® 

0.128 

AR-Low 

40  (4.4) 

1.19x10“® 

0.290 

70  (21.1) 

7.01x10"® 

0.247 

100  (37.8) 

1 .24x10“® 

0.177 

AR -Medium 

40  (4.4) 

1.70x10“® 

0.289 

70  (21.1) 

9.20x10“® 

0.211 

100  (37.8) 

1.42x10“® 

0.164 

AR-HIgh 

40  (4.4) 

1.35x10"® 

0.328 

70  (21.1) 

7.65x10"® 

0.245 

100  (37.8) 

1.04x10’® 

0.146 
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The  degree  to  which  these  values  shift  with  temperature  Is  an 
Indicator  of  the  temperature  susceptibility  of  each  material.  In  order 
to  compare  these  properties  numerically,  a  time-temperature  shift 
property  of  each  material  was  determined.  The  average  creep  compliance 
curves  for  each  temperature  were  shifted  horizontally  parallel  to  the 

time-axis  until  each  lined  up  with  the  curve  for  70°F  (21.1°C),  which  was 
designated  as  the  "master"  creep  curve.  The  amount  of  the  shift  In  time 
with  changing  temperature  Is  expressed  as  a  ratio,  ay,  which  is  Itself,  a 
function  of  temperature.  The  ratio,  ay.  Is 

«t  *_t  (6) 

tTo 

where:  ty0  *  the  time  at  which  a  given  compliance  Is  reached  when  the 

material  Is  at  the  “master"  temperature,  T0.  In  this 

case  the  master  temperature  Is  70°F  (21.1°C). 

t  ■  the  time  at  which  the  same  compliance  is  reached  when  the 
material  Is  at  some  other  temperature. 

It  is  more  desirable  for  the  value  of  ay  to  change  by  a  small  amount  over 
any  temperature  range.  Values  of  the  ay  function  for  each  of  the 
materials  are  shown  in  Figure  21,  and  this  indicates  that  there  is  some 
variation  of  ay  between  the  four  materials. 

Two  commonly-used  functions  were  fit  to  the  curves  in  Figure  21  to 
produce  numerical  comparisons  of  the  temperature  susceptibility  of  the 
four  materials.  The  first  of  these  is  commonly  used  in  the 
VESYS-analysIs  method  developed  by  the  Federal  Highway  Administration 
(Ref  6).  The  function  Is 

log  ay  *  -  a(T-To)  (7) 

where  3  =  the  temperature  susceptibility  constant 

To  =  the  master  curve  temperature 
T  =  any  other  temperature 


Figure  21.  Time-Temperature  Shift  Function  aT  as  a  Function  of  Temperature. 
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The  second  function  is  one  that  Is  commonly  used  to  describe  the 
time-temperature  shift  of  viscosity  In  polymers.  It  is  known  as  the 
MWLF"  equations  after  Its  originators,  Williams,  l.andel,  and  Ferry  (Ref 
23).  The  equation  is 

C,(T-To) 

log  aT  a  ‘  TC2+TTo7 

in  which  C] ,  C2  *  the  material  constants.  Of  the  two,  the  constant  C] 

serves  as  a  temperature  susceptibility  constant. 

The  values  of  the  temperature  shift  constants,  &»  Ci ,  and  C2  are 
given  in  Table  12. 

On  the  basis  of  the  WLF  Equation,  the  materials  in  this  study  are 
ranked  in  order  of  ascending  temperature  susceptibility: 

1.  Asphalt-rubber  concrete,  high  binder  content 

2.  Asphalt-rubber  concrete,  medium  binder  content 

3.  Asphalt-rubber  concrete,  low  binder  content 

4.  Asphaltic  concrete,  control 

It  appears  that  the  addition  of  rubber  helps  the  material  to  maintain  a 
more  stable  compliance  (or  modulus)  during  temperature  changes.  This 
result  agrees  reasonably  well  with  the  results  from  the  resilient 
modulus  testing  described  earlier. 

Although  permanent  deformation  is  not  measured  directly  by  the  creep 
test,  it  is  commonly  considered  that  at  least  a  part  of  the  permanent 
deformation  in  pavements  is  due  to  non-recoverable,  time-dependent  creep. 
The  other  part  of  permanent  deformation  is  due  to  plastic  deformation 
when  the  material  follows  a  different  stress-strain  curve  on  loading  and 
unloading. 

It  is  common  to  estimate  the  non-recoverable  time-dependent  creep  by 
subtracting  the  ordinates  of  the  creep  recovery  curve  after  the  load  has 
been  removed  from  the  ordinates  of  the  creep  curve  under  load.  Although 
the  creep  reovery  curve  was  not  observed  in  these  tests,  it  usually  has 
the  same  general  shape  as  the  creep  curve,  and  thus  the  difference 
between  the  two  has  roughly  the  same  shape. 
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TABLE  12.  Time-Temperature  Shift  Constants 


Time-Temperature 
Temperature  Shift  Constants 


Material 

°F  (°C) 

l°9lOaT 

8 

Cl 

C2 

AC-10 

40 

(4.4) 

2.25 

0.060 

6.75 

120 

(Control ) 

70 

(21.1) 

0.0 

100 

(37.8) 

-1.35 

AR-low 

40 

(4.4) 

2.65 

0.0625 

3.76 

72.6 

70 

(21.1) 

0.0 

100 

(37.8) 

-1.10 

AR-Medium 

40 

(4.4) 

2.70 

0.060 

2.70 

60.0 

70 

(21.1) 

0.0 

100 

(37.8) 

-0.90 

AR-High 

40 

(4.4) 

2.40 

0.053 

2.40 

60.0 

70 

(21.1) 

0.0 

100 

(37.8) 

-0.80 

55 


If  the  non-recoverable  strain  were  equal  to  the  creep  curve  alone, 
which  it  is  not,  it  would  be  possible  to  account  for  that  part  of  the 
permanent  deformation  that  is  due  to  non-recoverable,  time  dependent 
creep  by  using  the  creep  curve  alone.  Then,  the  equation  for  the 
time-dependent  portion  of  permanent  strain  after  N  repetitions  of  load 
pulses  would  be: 

e(t)  =o0  Dj  (N  At)m  (9) 

The  percentage  of  the  resilient  strain,  e,.,  which  is  accumulated  with 
each  stress  pulse  is  F(N)  as  given  by: 


where:  a0  =  the  stress  applied  to  the  sample 

Dj  =  the  compliance  coefficient 

m  =  the  compliance  exponent 

cr  =  the  resilient  strain 

At  *  the  time  duration  of  the  stress  pulse 

N  =  the  total  number  of  load  pulses 

F(N)  =  the  percentage  of  the  resilient  strain  that 
remains  as  permanent  accumulated  strain. 

The  cluster  of  terms,  o0  Di  m  (At)m/er,  corresponds  to  the  permanent 
strain  coefficient,  GNU,  which  is  explained  in  the  next  section  of  this 
chapter,  and  the  term  (1-m)  corresponds  to  ALPHA,  the  permanent  strain 
exponent.  This  exponent  has  the  property  that  the  closer  it  is  to  1.0, 
the  more  the  material  behaves  elastically  and  the  closer  it  is  to  0.0, 

the  more  the  material  behaves  plastically.  On  this  basis,  at  70°F 

(21.1°C),  the  four  materials  are  ranked  in  order  of  increasing  plastic 
behavior,  as  judged  from  the  m-exponent: 


1.  Asphalt-rubber  concrete,  medium  binder  content 

2.  Asphalt-rubber  concrete,  high  binder  content 

3.  Asphalt-rubber  concrete,  low  binder  content 

4.  Asphalt  concrete,  control 

This  result  Indicates  that  the  asphalt  concrete  control  material  would 
experience  the  most  time-dependent  permanent  deformation  of  the  four 
materials. 

The  fracture  of  asphaltic  concrete  obeys  a  law  of  fracture  mechanics 
known  as  Paris'  Law  (Ref  21).  Although  It  was  originally  considered  an 
empirical  relation.  It  has  subsequently  been  derived  from  first 
principles  of  mechanics  by  Schapery  (Ref  22).  Paris'  Law  Is  stated  as 
f ol 1 ows : 


Sj£  *  A(AK)n  (») 

where  dc/dn  *  the  rate  of  growth  of  a  crack  with  each  load 

cycle,  N 

AK  =  the  change  of  stress  intensity  factor,  a 
calculated  quantity,  with  each  stress  pulse 

A,n  =  the  fracture  coefficient  and  exponent  which  are 
determined  by  experiment. 

Schapery' s  derivations  showed  that  the  two  material  properties  A  and 
n  are,  in  fact,  determined  by  simpler  material  properties  including  the 
creep  compliance  and  tensile  strength  (Ref  22).  He  found  that  the 
fracture  exponent,  n,  can  be  determined  simply  as 


(12) 


where 


m^  =  the  slope  of  the  tensile  log-log  plot  of  creep 
compliance  versus  time. 


The  creep  compliance  tests  that  are  reported  here  were  compressive, 
not  tensile,  but  their  relative  size  will  indicate  the  way  that  the 
fracture  exponent  varies  with  binder  and  with  temperature.  Table  13 
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TABLE  13.  Calculated  Fracture  Exponents 


Compressive  Estimated 


Material 

Temperature 

°F  (°C) 

Compressive 
Compl 1  once 

Slope,  me 

Fracture 

Exponent 

Volumetric 
Concentration 
of  Binder 

Cb 

Tensile 

Fracture 

Exponent 

"t 

AC-10  Control 

40 

(4.4) 

0.354 

5.65 

0.667 

(4.731  Binder) 

70 

(21.1) 

0.254 

7.87 

0.118 

0.929 

100 

(37.8) 

0.128 

15.63 

1.844 

AR-Lom 

40 

(4.4) 

0.210 

6.90 

0.738 

(4.231  Binder) 

70 

(21.1) 

0.247 

8.10 

0.107 

0.867 

100 

(37.8) 

0.177 

11.30 

1.209 

AR -Medium 

40 

(4.4) 

0.289 

6.92 

0.81  7 

(4.731  Binder) 

70 

(21.1) 

0.211 

9.48 

0.118 

1.119 

100 

(37.8) 

0.164 

12.20 

1.440 

AR-High 

40 

(4.4) 

0.328 

6.10 

0.787 

(5.231  Binder) 

70 

(21.1) 

0.245 

8.16 

0.129 

1.053 

100 

(37.8) 

0.146 

13.70 

1 .  76/ 

shows  th#  slope  of  the  compressive  creep  compliance  curve  and  the 
fracture  exponent  derived  from  It.  The  fracture  exponents  are  larger 

than  those  that  were  measured  at  34°F  (1.1 °C )  and  77°F  (25°C)  with  the 
overlay  tester  Indicating,  correctly,  that  the  compliance  of  the 

asphalt-rubber  concrete  and  asphaltic  concrete  In  tension  Is  greater  than 

It  Is  In  compression.  Typically,  the  value  of  tensile  m^  Is  between  0.5 

and  1.0,  which  gives  tensile  fracture  exponents  between  1.0  and  2.0. 

If  the  compressive  fracture  exponent  Is  multiplied  by  the  volumetric 
concentration  of  binder,  as  Is  suggested  by  the  rule  of  mixtures,  the 
resulting  tensile  fracture  exponents  are  shown  In  the  last  column  of 
Table  13.  These  estimated  tensile  fracture  exponents  are  In  the  expected 
range. 

The  compressive  creep  test  Is  a  simple,  quick  and  valuable  test  to 
give  not  only  the  creep  compliance  of  a  material  but  also  Indications  of 
Its  temperature  susceptibility,  permanent  deformation  properties,  and 
fracture  exponent. 

Repeated  Load  Testing  and  Permanent  Deformation  Parameters 

Permanent  deformation  parameters  were  used  to  characterize  the 
materials  for  rutting  susceptibility.  Typically,  the  results  of  creep  or 
permanent  deformation  testing  are  used  to  plot  strain  versus  number  of 
loadmq  cycles,  as  shown  In  Figure  22,  and  the  resulting  curve  can  then 
be  used  to  predict  the  rutting  life  of  a  pavement.  In  this  study, 
repeated  load  tests  were  performed  and  an  equation  with  three  material 
parameters  was  used  to  describe  the  accumulated  strain  versus  loadinq 
cycles  curve.  This  permanent  deformation  characterl zation  method  was  one 
of  the  reasons  for  chooslnq  the  modified  ILL  I  PAVE  program  for  analysis 
instead  of  the  VFSTS  program  initially  chosen  for  use.  Typical  repeated 
load  test  results  are  plotted  in  Figure  23,  which  shows  total  and 
accumulated  strain. 

The  VFSTS  pavement  structural  analysis  proqram  (kef  6)  uses  two 
terms ,  ALPHA  and  Uhl),  to  characterize  permanent  deformation.  Al  PHA  and 
(*Wli  are  calculated  from  the  intercept  and  the  slope  of  the  straiqht  line 
relationship  between  the  logarithm  of  the  permanent  strain  and  the 
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Pormanont  Deformation  Characterization 


Figure  23.  Typical  Repeated  Load  Test  Results  Showing  Total  and  Accumulated  Strains. 


logarithm  of  the  number  of  load  applications  (Ref  14).  They  are  defined 
as  follows: 


GNU  -  I*S/er 

(13) 

ALPHA  -  I-S 

(14) 

where  I  *  the  arithmetic  value  of  the  Intercept  (not  a  logarithm) 

S  -  the  slope  of  the  linear  portion  of  the  logarithmic 
relationship 

er  •  resilient  strain. 

However,  It  has  been  shown  (Ref  8,9,24)  that  a  three-parameter,  nonlinear 
equation  more  accurately  describes  the  material  behavior  of  asphalt 
composites  due  to  permanent  deformation.  The  three  parameters  are 
developed  from  the  following  equation,  which  Is  used  to  describe  the  same 
permanent  strain  versus  loading  cycles  curve: 

e*  .  coe-(P/N)8  (15) 

where  ea  *  permanent  (accumulated)  strain 
N  ■  loading  cycle 

qj,  p ,  and  g  are  calculated  parameters 

This  equation  describes  an  S-shaped  curve  with  the  strain  at  a  high 
number  of  cycles  approaching  some  horizontal  asymptote.  The  change  In 

direction  of  the  S-shape  occurs  at  N  ■  p,  or  where  et  -  eo*e_1  -  .368*0. 
Using  this  equation,  the  relationship  between  strain  and  cycles  never 
becomes  linear  and  therefore  more  accurately  represents  the  material 
behavior. 

The  procedures  for  calculating  the  three  parameters,  as  well  as  the 
method  of  using  these  parameters  for  calculating  rut  depths  In  the 
modified  llllPAVE  computer  program,  are  described  elsewhere  (Ref  8). 

In  this  study,  repeated  load  compression  tests  were  performed  to 
10,000  or  more  cycles  on  cylinders  following  the  VESTS  procedures  for 
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direct  compression  tost 1 ng  (Rtf  6).  Ono  test  mos  performed  for  each 
material  at  every  test  temperature  (40°F,  70°F  and  100°F;  or  4.4°C, 

21.1®C,  37.8°C).  A  plot  of  permanent  strain  versus  cycles  was  made  for 
each  sample  tested  to  determine  the  shape  of  the  curve  and  whether  the 
three  parameter  equation  could  be  used  to  describe  the  material  behavior 
(see  Appendix  C). 

Resilient  strain  was  read  from  the  dynamic  test  output  at  200  cycles 
and  the  three  permanent  deformation  parameters  were  calculated.  Two 
methods  were  used  to  calculate  the  three  parameters:  a  linear  repression 
propram  written  at  Texas  AIM  University,  and  a  nonlinear  repression 
propram  which  Is  part  of  the  S.A.S.  statistical  analysis  package.  The 
linear  repression  propram  Is  based  on  a  method  which  takes  the  loparlthm 
of  both  sides  of  the  S-shaped  curve  equation  and  then  reduces  the  result 
to  the  linear  form  y  ■  mx  ♦  b,  where  a  Is  the  slope  of  the  line  and  b  Is 
the  y- Intercept.  A  least  squares  repression  Is  then  applied  to  the  test 
data  and  a  linear  best  fit  Is  calculated.  Alternatively,  the  S.A.S. 
nonlinear  repression  propram  uses  an  Iterative  process  In  which  an 
Initial  puess  of  each  parameter  must  be  Input.  At  least  one  of  these 
methods  produced  a  pood  fit  for  every  test,  but  rarely  did  both  methods 
produce  a  pood  fit  for  the  sene  test  results.  Table  14  plves  a  summary 
of  the  calculated  permanent  deformation  parameters  and  the  method  of 
calculation  used  for  each  test  sample. 

The  permanent  deformation  parameters  were  sensitive  to  several 
factors,  tncludlnp  stress  level  and  temperature.  The  laboratory  testlnq 
had  to  be  performed  with  an  applied  load  which  was  much  lower  than  that 
which  would  be  expected  In  the  field  conditions.  This  was  because  an 
axial  load  was  applied  to  a  cycllndrtcal  specimen  with  a  small  diameter 
(4  Inches)  which  had  no  conflnlnp  pressure  applied,  am)  the  specimen 
failed  at  much  lower  stresses  than  In  the  field  irftere  every  element  of 
material  Is  supported  by  the  lateral  pressure  of  surroundinq  elements. 
Therefore  some  adjustment  had  to  be  made  to  the  permanent  deformation 
parameters  to  account  for  the  differences  In  applied  versus  field 
stresses.  First,  typical  field  stresses  were  calculated  for  each  hori¬ 
zontal  elemont  (soven  elements  were  defined  in  the  top  pavement  layer 


TABLE  14.  Permanent  Deformation  Parameters  from  Lab  Tests 


Regression 


Material 

T(°F) 

Sample 

e0 

RHO 

BETA 

£0/£r 

Method 

AC-10 

40 

AC10-5 

0.0187E+0 

1.1539E16 

0.0637 

1.662 

Nonlinear 

70 

AC10-7 

0.8232E-3 

0.9817E04 

0.2070 

27.44 

Linear 

100 

AC10-1 

0.9355E+0 

6.3750E16 

0.0591 

31.509 

Nonlinear 

ARC -Low 

40 

AR-3L 

0.0326E+0 

3.4221E 16 

0.0651 

2,219 

Nonlinear 

70 

AR-4L 

0.4379E+0 

2.5438E16 

0.0670 

13,738 

Nonl Inear 

100 

AR-5L 

1. 1S42E-2 

0.1917E05 

0.1292 

94.89 

Linear 

ARC -Med. 

40 

AR-4M 

0.0181E+0 

3.4514E16 

0.0645 

1,445 

Nonl Inear 

70 

AR-9M 

0.0238E+0 

2.8904E16 

0.0524 

544 

Nonl i near 

100 

AR-8M 

0.0588E+0 

2.5023E16 

0.0560 

1,680 

Nonl i near 

ARC -High 

40 

AR-SH 

0.0357E*0 

1.2988F15 

0.0709 

4,967 

Nonl inear 

70 

AR-6H 

0.7124E-2 

0.4716E11 

0.0738 

165 

Linear 

100 

AR-9M 

0.4829E-3 

0.S229E03 

0.1528 

14.72 

Linear 
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for  the  finite  element  mesh  used  In  the  modified  ILL  I PAVE  program). 

These  typical  stresses  were  calculated  using  the  modified  ILL IPAVE 
program  with  typical  parameters  for  asphalt  concrete  as  input  values. 

The  typical  parameters  were  derived  from  other  studies  and  compiled  at 
Texas  AM  University  and  are  presented  In  Ref  9.  The  calculated  typical 
stresses  are  tabulated  In  Tables  15.  Using  the  typical  stresses  and  some 
regression  equations  generated  from  the  compiled  data  base,  a  ratio  of 
(permanent  deformation  parameter)  at  the  level  of  stress  expected  In  the 
field  for  a  typical  asphalt  material  to  the  same  (permanent  deformation 
parameter)  at  the  level  of  stress  applied  In  the  laboratory  for  the  same 
typical  asphalt  material  was  calculated  for  every  combination  of  the 
seven  elements  of  the  top  pavement  layer,  each  of  five  aircraft  In  the 
traffic  distribution,  and  each  of  three  test  temperatures.  The  following 
assumption  was  made: 

(permanent  deformation  paramoterlfleld  stress,  typical  asphalt  material 
(permanent  deformation  parameterjlab  stress,  typical  asphalt  material 


(permanent  deformation  parameterlf laid  stress,  test  material 
(permanent  deformation  parameter)! ab  stress,  test  material 

The  calculated  ratio  for  a  typical  asphalt  material  was  then  multiplied 
by  the  permanent  deformation  parameter  calculated  from  the  laboratory 
test  results  on  a  test  material  to  obtain  an  adjusted  (field)  value  for 
the  permanent  deformation  parameter  for  the  test  material  at  that 
temperature,  for  that  aircraft,  and  in  that  element  of  the  top  pavement 
layer. 

The  adjusted  values  of  the  permanent  deformation  parameters  were  then 
plotted  versus  temperature  so  that  the  relationship  with  changing 
temperature  could  be  determined.  The  adjusted  values  of  the  parameters 
for  all  material,  aircraft,  and  temperature  combinations  are  contained  in 
Appendix  0  along  with  samples  of  the  plots.  For  Input  to  the  modified 
ILLIPAVE  program,  a  value  for  each  permanent  deformation  parameter  was 
read  from  the  plots  for  each  average  seasonal  temperature  chosen.  The 
program  used  these  adjusted  parameters  to  calculate  rut  depths  at 
specified  time  Increments. 
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TABLE  15.  Stresses  In  Top  Pavement  Layer  Used  to  Calculate  Permanent 
Deformation  Parameters  for  the  Field  Conditions 
(Aircraft  Loads). 


Aircraft 

Temperature 

Element 

Stress(pieid) 

Stress(i_ab) 

DC-09 

40 

2 

70.90 

20 

3 

86.90 

20 

4 

80.8 

20 

5 

78.18 

20 

6 

85.00 

20 

7 

104.89 

20 

70 

1 

10.8 

20 

2 

69.60 

20 

3 

84.79 

20 

4 

76.90 

20 

5 

69.55 

20 

6 

69.80 

20 

7 

79.06 

10 

100 

1 

69.30 

10 

2 

117.67 

10 

3 

113.47 

10 

4 

89.70 

10 

5 

70.99 

10 

6 

59.21 

10 

7 

51.58 

10 
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TABLE  15 


(Continued) 


Aircraft 

Temperature 

Element 

Stress(F1eid) 

Stress(Lab) 

DC-10 

40 

2 

47.00 

20 

3 

94.25 

20 

4 

110.31 

20 

5 

121.86 

20 

6 

141.64 

20 

7 

179.49 

20 

70 

2 

54.60 

20 

3 

93.63 

20 

4 

102.40 

20 

5 

104.67 

20 

6 

112.70 

20 

7 

132.04 

20 

100 

1 

67.10 

10 

2 

124.75 

10 

3 

138.54 

10 

4 

123.45 

10 

5 

105.60 

10 

6 

92.30 

10 

7 

83.20 

10 
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TABLE  15.  (Continued) 


Aircraft  Temperature  Element  Stress(pield)  stress(Lab) 


B-727  40 

2 

52.40 

20 

3 

88.07 

20 

4 

96.06 

20 

5 

102.04 

20 

6 

116.36 

20 

7 

146.30 

20 

70 

2 

56.80 

20 

3 

86.85 

20 

4 

89.86 

20 

5 

88.61 

20 

6 

93.49 

20 

7 

108.47 

20 

100 

1 

63.90 

10 

2 

116.20 

10 

3 

124.40 

10 

4 

107.30 

10 

5 

89.80 

10 

6 

77.40 

10 

7 

69.10 

10 
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TABLE  IS.  (Continued) 


Aircraft 

Temperature 

Element 

Str*ss(Fieid) 

Str*ss(Lab) 

B-737 

40 

1 

8.20 

20 

2 

61.80 

20 

3 

74.20 

20 

4 

70.80 

20 

S 

69.70 

20 

6 

76.40 

20 

7 

94.60 

20 

70 

1 

17.80 

20 

2 

61.70 

20 

3 

72.60 

20 

4 

67.20 

20 

S 

61.70 

20 

4 

62.  SO 

20 

7 

71.10 

?c 

100 

1 

71.34 

in 

2 

103.60 

10 

3 

98.10 

10 

4 

78.80 

10 

* 

62.90 

10 

6 

S2.80 

10 

7 

46.20 

10 

I 


I 

i 


•T  ■’WT*' 


TABLE  15.  (Continued) 


Aircraft 


B-757 


Temperature 


CHAPTER  III.  PERFORMANCE  PREDICTION  OF  ASPHALT-RUBBER 
CONCRETE  AND  ASPHALT  CONCRETE 


In  this  chapter,  the  design  data  and  the  results  of  calculations  with 
the  modified  ILLIPAVE  program  are  presented.  In  the  final  section  of 
this  chapter  a  comparison  is  made  of  the  predicted  lives  of  a  typical 
airport  pavement  using  each  of  the  four  mixes  under  conditions  of  mixed 
traffic. 


DESIGN  DATA 

The  comparative  analysis  of  this  project  was  accomplished  by 
selecting  an  airport  type,  pavement  structure,  and  traffic  pattern,  and 
holding  these  constant.  Four  environmental  zones  were  simulated  by 
choosing  four  typical  seasonal  temperatures  for  each  zone,  and  the 
environmental  zones  and  the  material  in  the  surface  layer  were  varied  in 
multiple  computer  runs  of  the  modified  ILLIPAVE  program. 

Airport  Type  and  Traffic 

Asphaltic  materials  are  most  typically  used  as  surface  layer 
materials  at  a  medium  to  small  civil  airport.  Asphaltic  materials  creep 
under  heavy  loads  of  more  than  a  very  short  duration,  and  thus  are 
subject  to  moderate  to  severe  rutting.  Therefore,  they  are  generally  not 
considered  as  suitable  materials  for  larger  airports  with  heavier  wheel 
loads,  higher  traffic  counts  and  more  likelihood  of  planes  standing  in 
The  Robert  Mueller  Municipal  Airport  in  Austin,  Texas,  was 
selected  as  an  appropriate  airport  model  for  this  study.  This  airport 
«ses  «'un«ovs  and  taxlways  made  of  asphalt  concrete.  Austin  has 

wwni  a  tremendous  growth  in  recent  years  and  its  airport  has 
••#e''ente«i  the  damage  problems  associated  with  rapid  population  and, 

growth.  The  major  runway  was  used  as  the  structural 
*we  analyses  in  this  study.  Soeie  significant  distresses  were 


expected  In  the  denude  analytes,  thus  providing  an  actual  scenario  m 
which  to  compare  the  perfonaance  of  the  Materials  considered. 

Total  nuabers  and  types  of  aircraft  using  the  Austin  Airport  between 
1969  and  1981  were  known,  and  projections  were  available  for  the  years 
1985  and  1990  (Ref  25).  Only  the  air  carrier  aircraft  were  considered, 
because  the  saaller  aircraft  (general  aviation  and  air  taxi/coaauter 
aircraft)  have  widely  varied  taxi  patterns.  Also,  the  smaller  aircraft 
Individually  cause  little  to  no  significant  paveaent  damage  compared  wit* 
the  larger  and  heavier  air  carrier  traffic  (Ref  25).  Five  air  carriers 
were  Included  In  the  traffic:  DC-9,  DC-10,  B-727,  B-737,  B-757. 

Since  the  major  runway  of  the  Austin  municipal  airport  was  used  as 
the  structural  model.  It  was  assumed  that  all  of  the  traffic  logged  by 
the  airport  used  the  runway  being  considered.  Therefore,  no  runway 
routing  percentage  factors  were  applied  to  the  traffic  counts.  Table  16 
gives  a  summary  of  the  aircraft  traffic  data.  However,  not  all  aircraft 
follow  exactly  the  same  wheel  paths.  Much  more  lateral  wander  from  the 
centerline  of  the  path  of  travel  Is  exhibited  by  aircraft  over  the  width 
of  a  runway  than  is  exhibited  by  trucks  over  the  width  of  a  highway. 

Thus,  any  one  point  in  the  airfield  pavement  does  not  experience  the  sa**- 
stresses  from  every  aircraft  because  the  airplane  gears  pass  by  that 
point  at  different  distances  from  the  point.  Because  of  this,  “wander 
factors"  must  be  applied  to  the  numbers  of  aircraft  to  obtain  an  estimate 
of  the  number  of  coverages  which  pass  over  the  area  experiencing  the 
maximum  or  critical  strain.  It  was  assumed  that  the  lateral  movement  of 
each  aircraft  type  over  the  width  of  the  runway  is  normally  distributed. 
Using  this  assumption  and  the  basic  aircraft  characteristics,  wander 
factors  were  computed  by  Rauhut,  et  al.  (Ref  25),  generally  following  the 
procedure  outlined  by  Ho  Sang  (Ref  26).  This  procedure  "was  modified 
somewhat  to  account  for  the  transverse  profile  of  the  critical  pavement 
response  parameters  of  asphalt  concrete  tensile  strain  and  subgrade 
vertical  compressive  strain"  (Ref  25,  p.IV.5).  The  wander  factors 
derived  by  Rauhut,  et  al.  were  used  in  this  study  and  are  listed  in  Table 
17.  The  total  traffic  counts  for  each  year  and  each  aircraft  were 
multiplied  by  the  wander  factors  and  then  divided  by  365  to  obtain  an 
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TABLE  17.  Su— ary  of  Aircraft  Traffic  Wander  Factors  for  Each 
Aircraft  Considered  In  the  Paveaent  Evaluation. 


A1 rcraft 

Wander  Factor* 

B-727 

0.77 

B— 737 

0.57 

B-757 

0.61 

DC -9 

0.68 

DC-10 

0.72 

•Wander  Factor  Is  slaply  the  Inverse  of  the  Pass-to-Coverage  Ratio 


estimate  of  tho  maximum  or  critical  number  of  passes  per  day  for  each 
aircraft.  See  Table  18  for  a  summary  of  the  numbers  of  critical  passes 
per  day. 

The  stress  analyses  Mere  performed  considering  only  the  main  landing 
gear  assembly.  The  nose  gear  was  not  considered  In  the  analysis  because 
It  Is  lighter  and  smaller  than  the  main  landing  gear,  and  It  does  not 
traverse  the  same  section  of  pavement  as  does  the  heavier  main  gear 
assembly.  Therefore,  the  main  landing  gear  assembly  Mas  considered  as 
the  critical  loading  condition. 

The  five  carrier  aircraft  used  In  the  analysis  Involved  a  variety  of 
main  landing  gear  configurations,  Mheel  loads  and  sizes,  and  tire 
pressures.  The  aircraft  data  used  In  this  study  are  summarized  In 
Appendix  E. 

Previous  research  has  confirmed  that  the  tire  contact  pressures  that 
are  experienced  by  a  pavement  can  In  reality  be  much  higher  than  the 
"known"  tire  Inflation  pressure  (Ref  8).  This  can  have  significant 
consequences  for  the  amount  of  pavement  damage  caused  by  heavy  vehicles 
and  thus  for  the  design  life  of  a  pavement.  HoMever,  not  much  previous 
work  has  been  done  In  quantifying  the  tire  contact  pressures  resulting 
from  different  load,  radius,  and  Inflation  pressure  combinations.  Also, 
the  Mork  Mhlch  has  been  done  to  this  point  has  looked  at  stationary 
vehicles  (static  loads)  and  not  at  moving  vehicles  (dynamic  loads  with 
both  horizontal  and  vertical  components).  There  are  a  great  many 
difficulties  In  measuring  loads  due  to  moving  vehicles.  However, 
considering  the  Importance  of  tire  contact  pressures  versus  tire 
Inflation  pressures,  some  estimate  was  needed  for  this  study  of  the  tire 
contact  pressures  of  aircraft.  Therefore,  a  known  but  static  contact 
pressure  distribution  and  the  known  tire  Inflation  pressures  and  wheel 
loads  of  the  five  aircraft  In  this  study  were  used  to  create  an  estimate 
of  the  tire  contact  pressure  distribution  for  each  of  the  five  aircraft 
considered.  The  "known"  pressure  distribution  was  a  previously 
calculated  pressure  distribution  for  a  32x8.8  Type  VII  aircraft  tire. 

This  was  a  nose  gear  tire  used  In  WWII  on  the  Boeing  B-52  Stratofortress 
(Ref  27;  see  Figure  24).  As  a  starting  point,  the  tire  inflation 


TAHE.  18.  StMNry  of  Aircraft  Pnm  For  Day  -  [Total  Yoarly  Traffic 
a  Wandor  Factor/36%  Days  For  Yoarl. 
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Note:  Inflation  Pressure:  95  psl  (655  kPa). 

Tire  Type:  32x8.8  TYPE  VII  Aircraft  Tire. 

This  tire  type  was  used  as  the  nose  gear  on  the  Boeing 
B52  (Stratofortress)  In  World  War  II.  A  high-pressure 
version  Is  used  on  the  nose  gear  of  the  U.S.  space 
shuttle. 

Figure  24.  Calculated  Contact  Pressures  (psi)  for  Two  Different 
Tire  Loads  (Ref  27) . 
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pmivn  of  the  aircraft  being  considered  was  set  at  the  center  of  the 
tiro.  Then  a  pressure  distribution  was  created  having  the  same  ratios 
between  adjacent  points  on  the  tire  as  were  calculated  for  the  "known" 
aodoh  Then  a  cylindrical  volume  of  revolution  was  calculated  and  the 
result  was  compared  with  the  known  wheel  load  for  that  tire.  The  newly 
calculated  pressure  distribution  was  then  adjusted  up  or  down  at  the 
center,  and  the  procedure  was  repeated,  until  the  cylindrical  volume  of 
revolution  was  approximately  equal  to  the  wheel  load.  The  resulting  tire 
pressure  distribution  was  used  as  Input  to  the  ItLIPAVE  program.  The 
calculated  estimates  of  tire  contact  pressures  for  each  of  the  five 
aircraft  are  shown  In  Appendix  E. 

Pavement  Structure 

The  thicknesses  and  materials  of  the  structural  layers  at  the  Austin 
municipal  airport  vary  slightly  over  the  length  of  the  main  runway.  A 
typical  pavement  section  was  chosen  and  then  was  held  constant  for  this 
analysis.  Material  properties  were  then  estimated  for  the  underlying 
structural  layers,  and  laboratory  characterizations  were  used  for  the  top 
layer,  which  was  variable  depending  upon  the  material  being  analyzed. 
Figure  25  shows  the  typical  cross  section  of  the  runway  pavement 
structure  u*'d  In  this  analyls. 

Environmental  Effects  and  Seasonal  Temperatures 

Because  asphaltic  materials  are  temperature  sensitive,  the  analysis 
was  performed  at  different  temperatures  to  determine  temperature  effects. 
Four  environmental  zones  which  represent  typical  areas  of  the  U.S.  were 
chosen:  wet-freeze,  wet-no  freeze,  dry-freeze,  and  dry-no  freeze. 

Seasonal  average  temperatures  were  used  whenever  temperatures  were  needed 
as  Input  values  for  the  analysis.  Table  19  gives  a  summary  of  the 
climatic  zones  and  the  seasonal  temperatures  that  were  used  to  represent 
them. 
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Figure  25.  Schematic  of  the  Pavement  Structure  Used  In  the 
ILL  I PAVE  Analysis. 
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TABLE  19.  Average  Seasonal  Teeiperatu re  for  Each  of  Four  Seasons  for  Each 
Climatic  Zone. 


Wet-No  Freeze 


Dry-Freeze 


Dry-No  Freeze 


Season 

Temperature, °F 

Winter 

35 

(1.7) 

Spring 

65 

(18.3) 

Summer 

95 

(35.0) 

Fall 

60 

(15.6) 

Winter 

75 

(23.9) 

Spring 

95 

(35.0) 

Summer 

105 

(40.6) 

Fall 

95 

(35.0) 

Winter 

35 

(1.7) 

Spring 

60 

(15.6) 

Sumner 

90 

(32.2) 

Fall 

50 

(10.0) 

Winter 

55 

(12.8) 

Spring 

75 

(23.9) 

Summer 

95 

(35.0) 

Fall 

75 

(23.9) 
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EVALUATION  OF  AIRPORT  PAVEMENT  PERFORMANCE 


In  this  section  of  Chapter  III,  the  computer  program  that  was  used  in 
the  analysis  Is  described  and  the  results  of  the  analysis  for  individual 
aircraft  are  presented. 

The  Modified  ILLIPAVE  Program 

The  modified  ILLIPAVE  program  used  in  this  analysis  is  the  third  in  a 
series  of  finite  element  computer  programs  that  were  developed  to  analyze 
the  stresses,  strains,  and  displacements  In  a  pavement.  The  first 
program  In  this  series  was  developed  by  Duncan,  et  al.  (Ref  28),  in 
cylindrical  coordinates  and  provided  for  one  circular  load  with 
non-uniform  vertical  and  horizontal  contact  pressure  distributions, 
multiple  layers,  and  non-linear  stress-strain  curves  for  the  materials  in 
each  layer.  The  second  program  was  a  revision  of  the  first.  It  pro/ided 
for  one  circular  load  with  a  uniform  vertical  pressure  distribution  and 
Included  a  variety  of  methods  of  estimating  the  stress-dependent 
resilient  modulus  of  each  element  depending  upon  whether  the  layer  was 
composed  of  granular  or  fine-grained  soli.  Because  this  revision  was 
made  at  the  University  of  Illinois  (Ref  7),  the  program  was  rt-named 
ILLIPAVE.  This  second  program  was  obtained  by  Texas  AAM  University  at 
which  further  modifications  were  made.  This  third  version  of  the 
program,  referred  to  as  the  "modified  ILLIPAVE"  program,  provides  for 
multiple  tires  on  one  or  two  axles,  non-uniform  vertical  and  horizontal 
contact  pressure  distributions  on  circular  loaded  areas,  and  all  of  the 
non-linear  stress-strain  curve  capabilities  that  were  available  in  the 
two  previous  programs.  In  addition,  the  program  predicts  rut  depth, 
variance  of  rut  depth,  slope  variance,  present  serviceability  index  (for 
highway  applications)  and  fatigue  cracking  with  increasing  numbers  of 
load  applications.  It  also  has  the  capability,  not  present  in  the 
previous  programs,  of  using  Interface  elements  which  permit  one  layer  to 
slip  with  respect  to  another  either  with  or  without  resistance  that  is 
proportional  to  the  slip  (Ref  8). 


Because  It  Is  the  only  finite  element  program  that  has  all  of  these 
capabilities  Including  the  multiple  tire  -  multiple  axle  ability,  the 
ability  to  predict  distress,  the  ability  to  represent  actual  tire  contact 
pressure  distributions,  and  the  ability  to  consider  seasonal  variations 
of  material  properties.  It  was  chosen  for  the  analysis  that  Is  reported 
below. 


Permanent  Deformation.  The  permanent  deformation  properties  that  are 
used  In  the  "modified  ILL  I PAVE "  program  are  of  the  three  -  parameter  type 
that  have  been  developed  at  Texas  Transportation  Institute  (Ref  8,9). 

The  permanent  strain  In  the  vertical  direction,  ca.  Is  assumed  to  be 
related  to  the  number  of  load  repetitions  by  the  relation 


ea  *  £o  * 


-<£)6 


(16) 


where  ca  *  the  permanent  strain  In  the  vertical  direction 

N  ■  number  of  load  repetitions 
e0,  p,  6  *  material  parameters 

These  parameters  depend  upon  the  stress  level  in  the  material  as  we” 
as  other  factors  such  as  asphalt  or  water  content,  and  others  (Ref  9), 
and  must  be  specified  for  the  material  in  each  layer  in  order  to  predict 
the  rutting  which  Is  due  to  the  vertical  compression  of  the  layers. 
Rutting  also  results  from  the  lateral  plastic  flow  of  material  away  from 
the  wheel  path,  but  this  component  of  rutting  is  not  predicted  by  the 
modified  ILL IPAVE. 

Fatigue  cracking  Is  predicted  in  the  modified  ILL  I  PAVE  program  by 
using  a  fatigue  law  applied  to  the  calculated  strain  at  the  bottom  of  the 
asphaltic  layer.  The  number  of  cycles  of  load  level  i  to  cause  fatigue 

cracking  during  the  season  is 


where  c1j  *  Strain  at  tha  bottom  of  the  asphalt  layer  jUP  to 

the  1th  load  level  In  tha  jth  saason 

*1j,  KjJ  *  f*tl9««  “constants"  for  tha  Jth  saason 

j  »  tha  number  of  load  cycles  to  causa  fatloue  c racking 
due  to  tha  1th  load  level  In  the  jth  season. 

A  "cracking  Index"  Is  derived  from  these  calculated  fatique  lives  and 

tha  actual  nuad>er  of  repetitions  of  tha  1th  load  level  and  the  jth 
season,  as  follows 


where  c*  ■  the  cracking  Index  after  k  seasons 

njj  *  the  actual  number  of  repetitions  of  load  level  1  and  season  j 
Nj j  -  the  number  of  repetitions  to  cause  fatigue  cracking  of  load 
level  i  in  the  jth  season 

It  Is  assumed  that  c*  has  a  normal  probability  distribution  which 
allows  the  calculation  of  an  expected  area  of  cracking  E[qJ  and  a 
probability  that  the  actual  cracking  index  is  greater  than  1.0.  The 
percentage  of  the  total  area  of  the  pavement  that  has  cracked  is  assumed 
to  be  proportional  to  the  probability  that  the  cracking  index  is  greater 
than  1.0.  A  detailed  development  of  the  cracking  index  equations  is 
found  in  Reference  (13). 

In  this  report,  the  modified  ILL  I PAVE  program  was  used  to  calculate 
the  distress  that  occurs  in  a  standard  airport  pavement  placed  in  four 
different  climatic  zones  and  carrying  the  landing  gear  of  five  different 
aircraft.  The  capability  of  the  program  to  represent  multiple  tires  on 
each  of  two  axles,  non-uniform  vertical  and  horizontal  tire  contact 
pressures,  and  seasonal  material  variations  made  it  particularly  useful 
for  these  analyses.  The  data  used  as  input  to  the  program  is  discussed 
In  the  preceding  sections  of  this  report,  and  the  results  of  the  analyses 
are  in  the  following  sections. 


Maximum  Stresses  and  Strains 


The  structural  deterioration  of  flexible  pavements  is  usually  related 
to  two  failure  criteria,  the  load-induced  cracking  of  the  bituminous 
surface  course  and  the  development  of  ruts  in  the  wheel  paths.  Fatigue 
cracking  of  an  asphaltic  material,  which  generally  manifests  itself  as 
alligator  cracking,  is  considered  to  be  the  result  of  repeated  flexural 
stresses  causing  large  tensile  strains  at  the  bottom  of  the  surface 
course.  Rutting  occurs  in  all  layers  and  results  both  from  permanent 
vertical  strain  and  lateral  plastic  flow  in  each  layer.  The  compressive 
stresses  at  the  top  of  the  subgrade  are  a  good  indication  of  whether  the 
layers  placed  above  it  are  sufficiently  thick  so  that  only  minimal 
rutting  occurs  in  the  subgrade. 

In  order  to  locate  the  point  under  each  aircraft  gear  assembly  where 
the  largest  of  each  of  these  types  of  stress  or  strain  is  reached, 
multiple  runs  of  the  BISAR  pavement  structural  analysis  program  were  run. 
BISAR  (Bitumen  structures  Analysis  in_Roads)  is  "a  general-purpose 
program  for  computing  stresses,  strains  and  displacements  in  an  elastic 
multilayered  system  subjected  to  one  or  more  uniform  loads,  acting 
uniformly  over  circular  surface  areas"  (Ref  29).  This  program  was 
written  by  Shell  Research  Laboratory  in  Amsterdam.  The  program  was  rur 
using  a  pavement  structure  similar  to  the  one  finally  used  in  the 
materials  analysis  and  comparison  in  this  report,  and  it  was  run  *or  * 
range  of  surface  layer  stiffnesses.  Stresses  and  strains  were  ca' 
at  points  under  and  between  the  wheels  of  the  main  gear  assembles. 

In  all  cases,  the  largest  tensile  stresses  or  strains  at  the  ho" 
of  the  asphaltic  surface  material  were  found  to  occur  directly  umie- 
of  the  wheels.  These  stresses  or  strains  increased  with  iru 
load  and  with  increasing  surface  layer  stiffness. 

The  maximum  vertical  compressive  stresses  or  strain  -•  •  *«.  ...  • 
pavement  structure  occurred  directly  under  the  wheels  *"•>  •  — 

surface.  The  vertical  compressive  stresses  or  «.t 
depth,  so  that  at  the  top  of  the  subqrade  fa*  *  i«*r** 
much  less  than  at  the  surface  of  the  pavemer* . 
subgrade,  the  maximums  occurred  either  i’-«*  •  . 
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for  tho  DC -10,  tt  *11  stiffnesses;  end  for  the  B-727,  at  lower 
stiffnesses)  or  at  the  center  point  of  the  gear  assembly  (e.g.,  for  the 
••727  at  higher  stiffnesses).  However,  at  this  depth  (28. 5"),  the 
differences  between  vertical  compressive  stresses  or  strains  from  point 
to  point  under  the  gear  assembly  were  small.  Thus,  the  vertical 
compressive  stresses  or  strains  at  the  top  of  the  subgrade  may  be 
considered  to  be  the  same  at  every  point  under  the  gear  assembly. 
Summaries  of  the  results  for  the  DC-10  (four  wheels  in  the  main  gear 
assembly)  and  the  B-727  (two  wheels  In  the  main  gear  assembly)  are  shown 
In  Table  20. 

Cracking  Analysis:  Comparison  by  Aircraft 

Because  the  modified  ILLIPAVE  computer  program  can  handle  only  one 
type  of  load  at  a  time,  the  computer  runs  In  this  study  were  made 
initially  with  the  entire  traffic  count  being  made  up  of  one  aircraft 
type  for  each  computer  run.  Therefore,  a  direct  comparison  may  be  made 
of  the  relative  cracking  damage  done  by  each  aircraft.  For  all 
environmental  zones  and  for  all  materials,  the  DC-10  aircraft  produced 
the  most  cracking  damage,  followed  by  the  B-727,  the  B-757,  the  DC-9,  and 
then  the  B-737.  Figure  26  shows  an  example  plot  of  the  cracking  index 
versus  year  for  the  wet-no  freeze  environment  and  indicates  the  relative 
cracking  damage  due  to  each  aircraft.  It  must  be  emphasized  that  these 
cracking  Indices  were  obtained  using  each  aircraft  as  the  entire  traffic 
count  and  so  they  are  only  useful  here  for  comparison  of  damage  due  to 
different  aircraft.  Also,  the  single-aircraft  cracking  Indices  have  not 
been  adjusted  from  laboratory  to  field  fatigue  conditions.  Cracking 
Indices  due  to  mixed  traffic  will  be  discussed  in  a  later  section. 

The  cracking  damage  ranking  of  the  five  aircraft  can  easily  be 
understood  by  comparing  some  of  the  aircraft  characteristics  for  each  of 
the  planes.  In  Table  21,  the  aircraft  are  ranked  for  each  of  several 
variables.  It  can  be  seen  that  the  cracking  damage  rank  is  directly 
correlated  with  the  wheel  load  and  with  the  tire  inflation  pressure.  The 
sizes  and  spacing  of  the  tires  also  affected  the  damage  ranking. 


TABLE  20.  Stresses  Calculated  Under  the  Main  Gear  Assemblies  of 
the  DC-10  and  B-727  at  Various  Depths. 


B-727 


V 


X 


Surface 

Layer  Stiff¬ 

Depth 

ness  psi 

Point# 

(In.) 

Stressxx 

Stressyy 

|Resultant 

|*  Stress2z 

200.000 

1 

8.0 

-15.40 

-15.40 

21.8 

-110.00 

15.5 

26.10 

19.20 

32.4 

-45.00 

20.5 

16.30 

10.60 

19.4 

-28.10 

28.5 

7.11 

3.80 

8.1 

-17.40 

2 

8.0 

-7.95 

-29.20 

30.3 

^ 05 

15.5 

17.60 

-9.84 

20.2 

-21.90 

20.5 

13.60 

-1.30 

13.7 

-21.00 

28.5 

7.27 

1.82 

7.5 

-17.10 

880.000 

1 

8.0 

-9.70 

-10.60 

14.4 

-96.80 

15.5 

116.0 

93.60 

149.1 

-24.50 

20.5 

10.50 

6.90 

TTT 

-16.70 

28.5 

4.52 

2.60 

5.2 

-11.50 

2 

8.0 

-4.06 

-24.80 

25.1 

-9.26 

15.5 

89.80 

28.00 

94.1 

-16.70 

20.5 

9.80 

2.79 

10.2 

-14.90 

28.5 

4.76 

2.25 

5.3 

-12.00 

♦Maximum  Resultant  of  Stresses  in  the  x  and  y  Directions  Is  Underlined 
♦♦Maximum  Compressive  Stress  at  the  top  of  the  Subgrade  is  Underlined 


I 
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TABLE  20.  (Continued) 


Surface 
Uyfer  Stiff¬ 
ness  psl 

200,000 


880,000 


Point# 

Depth 

(In.) 

Stressxx 

Stressyy 

|Resultant| 

1 

8.0 

-18.60 

-18.60 

26.3 

15.5 

26.60 

25.50 

36.8 

20.5 

15.30 

14.40 

21.15 

28.5 

5.52 

5.05 

7.5 

2 

8.0 

-6.92 

-13.00 

14.7 

15.5 

4.92 

-17.30 

18.0 

20.5 

4.41 

-10.50 

11.4 

28.5 

3.17 

-3.20 

4.5 

3 

8.0 

-5.92 

-6.55 

8.8 

15.5 

-10.60 

-6.66 

12.5 

20.5 

-8.26 

-4.65 

9.5 

28.5 

-3.62 

-1.22 

3.8 

4 

8.0 

-8.07 

-6.12 

10.1 

15.5 

-15.80 

1.30 

15.8 

20.5 

-11.30 

1.61 

11.4 

28.5 

-4.66 

1.89 

5.0 

1 

8.0 

-13.10 

-13.40 

18.7 

15.5 

117.0 

114.0 

163.4 

20.5 

8.70 

8.29 

1 .2.5 

28.5 

3.07 

2.94 

4.3 

2 

8.0 

-7.28 

-14.80 

16.5 

15.5 

43.30 

-10.30 

44.5 

20.5 

3.92 

-2.95 

4.9 

28.5 

2.21 

-0.21 

2.2 

3 

8.0 

-11.60 

-7.65 

13.9 

15.5 

-19.10 

28.80 

34.6 

20.5 

-4.61 

2.32 

5.2 

28.5 

-1.43 

1.69 

2.2 

4 

8.0 

-9.99 

-9.91 

14.1 

15.5 

-8.78 

6.58 

11.0 

20.5 

-3.47 

-0.83 

3.6 

28.5 

-1.06 

0.51 

1.2 

Stresszz** 

-126.0 

-53.00 

-32.7 

-19.80 

-9.57 

-12.00 

-13.00 

-1.90 

-5.51 

-7.61 

-9.79 

-2.21 

-6.52 

-8.65 

-10.30 

-110.0 

-28.50 

-19.40 

-13.60 

-11.80 

-12.20 

-11.90 

-4.48 

-9.55 

-10.30 

-10.50 

-4.43 

-9.38 

-10.40 

-11.00 
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Figure  26.  Plot  of  Relative  Cracking  Index  versus  Year,  Showing  Cracking  Damage  Comparison 
of  the  Five  Aircraft  in  the  Mixed  Traffic  Pattern.  (Note:  For  this  Plot,  Each 
Aircraft  is  Separately  Considered  as  Making  Up  the  Total  Traffic). 


Permanent  Deformation  Analysis:  Comparison  by  Aircraft 

Because  the  Modified  ILL I PAVE  coMputer  runs  In  this  study  were  made 
Initially  with  the  entire  traffic  count  being  made  up  of  the  same 
aircraft  for  each  computer  run,  a  direct  comparison  could  be  made  of  the 
relative  rutting  damage  done  by  each  aircraft.  However,  the  comparison 
results  were  not  as  simple  as  they  were  In  the  case  of  the  relative 
cracking  damages.  In  general,  the  most  rutting  was  produced  by  the 
DC-10,  followed  by  the  B-727,  then  the  B-757,  DC-9,  and  the  B-737.  In 
some  cases  the  B-757  moved  either  up  or  down  by  one  place  In  the  ranking 
of  aircraft  by  the  rutting  damage  produced.  As  was  seen  In  Table  21,  the 
B-757  has  a  relatively  high  tire  Inflation  pressure  (ranked  second 
highest  of  the  five  aircraft  being  considered),  and  higher  tire  pressures 
are  expected  to  cause  more  damage.  The  B-757  also  has  the  second  largest 
tire  spacing  of  the  five  aircraft  considered,  which  affects  the 
superposition  of  the  loads  caused  by  the  two  tires  at  any  point.  The 
Interplay  between  the  aircraft  characteristics  of  the  B-757  and  the 
permanent  deformation  calculated  In  the  finite  element  mesh  (as  affected 
by  the  permanent  deformation  parameters,  which  were  both  temperature  and 
stress  dependent)  may  be  the  cause  of  the  variable  rutting  ranking  of 
that  aircraft. 

The  wet -no  freeze  environmental  zone  with  seasonal  average 

temperatures  of  75°F,  95°F,  105°F,  and  95°F  (23.9°C,  35.0°C,  40.6°C, 

35.0°C)  experienced  the  highest  rut  depths  during  the  twenty-year 
pavement  life  considered  for  all  aircraft.  For  the  asphalt  concrete 

control  material,  the  dry/no  freeze  zone  with  temperatures  of  55°F,  75°F, 

95°F,  and  75°F  (12.8°C,  23.9°C,  35.0°C,  23.9°C)  exhibited  the  lowest  rut 
depths;  but  for  the  asphalt-rubber  concretes,  the  dry-freeze  zone  with 

temperatures  of  35°F,  60°F,  90°F  and  50°F  (1.7°C,  15.6°C,  32.2°C,  10°C) 
had  the  lowest  rut  depths  in  the  twenty-year  life.  Thus,  the 
asphalt-rubber  concrete  appears  to  be  a  better  material  for  resisting 
deformation  In  cold  temperatures  than  the  asphalt  concrete. 
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The  analyses  were  made  using  one  aircraft  at  a  time  which  permitted 
an  evaluation  of  the  relative  amount  of  damage  done  by  each  aircraft. 
This  evaluation,  while  Important,  does  not  reflect  the  effect  of  actual 
mixes  of  these  aircraft  on  the  damage  of  an  airport  pavement.  In  the 
following  section,  the  effect  of  mixed  traffic  will  be  considered. 


Mixed  Traffic  Damage  Evaluation: 


>ar1son  of  Mixes 


Appendix  6  contains  an  explanation  of  how  the  damage  due  to  mixed 
traffic  was  calculated,  as  well  as  year  by  year  results  for  both  single 
and  combined  aircraft  traffic.  The  mixed  traffic  damage  calculations 
contain  the  adjustment  from  laboratory  fatigue  to  field  fatigue  which  was 
described  In  Chapter  II  of  this  report  under  Fatigue  Testing. 

Rutting  was  chosen  as  the  critical  mode,  because  the  cracking  Indices 
for  the  mixed  traffic  In  the  field  fatigue  condition  never  got  very 
large.  A  rut  depth  of  0.7  Inches  was  considered  as  the  critical  level. 

A  rut  of  this  depth  on  a  cross-slope  of  2  percent  would  have  a  surface 
depression  of  approximately  6  feet  (1.8  m)  wide,  which  Is  fairly  typical 
and  which  would  be  expected  to  start  collecting  water. 

A  cracking  index  of  0.2  (adjusted  to  the  field  fatigue  condition)  was 
used  as  a  basis  for  comparison,  and  not  as  a  failure  criterion.  A 
pavement  with  a  cracking  index  of  0.2  would  contain  low  severity  level 
fatigue  cracking.  Some  fine,  longitudinal  hairline  cracks  would  be 
detected  running  parallel  to  each  other  in  the  wheel  paths,  with  very  few 
of  the  cracks  being  interconnected  and  none  of  the  cracks  being  spalled. 
Approximately  two-tenths  of  the  length  of  the  wheel  paths  would  contain 
these  low  severity  cracks. 

In  all  cases,  the  asphalt-rubber  concrete  performed  better  (l.e. , 
experienced  less  damage)  than  the  asphalt  concrete  control.  This  was 
true  for  all  four  environmental  zones,  and  for  mixed  as  well  as  single 
vehicle  traffic. 

For  all  four  environmental  zones,  the  field  damage  index  (i.e., 
laboratory  damage  index  13,  as  previously  discussed  in  the  section  of 
this  report  on  fatigue  testing)  was  highest  for  the  asphalt  concrete 
control  material  and  lowest  for  the  asphalt-rubber  concrete  with  medium 


binder  content.  This  predicted  that  the  asphalt  concrete  control 
pavement  will  fatigue  much  earlier  than  will  the  asphalt* rubber  concrete 
pavement.  However,  the  wet-no  freeze  environment,  with  seasonal 

temperatures  of  75°F,  95°F,  105°F  and  95°F  (23.9°C,  35.0°C,  40.6°C, 

35.0°C),  displayed  the  widest  difference  between  the  cracking 
performances  of  the  control  and  the  rubberized  materials.  Also,  the 
damage  Indices  were  the  highest  for  all  materials  in  this  zone,  which  has 

three  seasons  with  high  (>90°F)  temperatures.  This  result  shows  that  the 
cracking  behavior  of  all  four  materials  is  most  susceptible  to  high 
temperatures,  with  the  asphalt  concrete  control  being  the  worst  case. 
Thus,  In  an  area  with  high  temperatures  for  much  of  the  year,  the 
asphalt-rubber  concrete  appears  to  be  a  better  paving  material  choice  for 
cracking  resistance  than  the  asphalt  concrete. 

The  wet-freeze  environment,  with  seasonal  temperatures  of  35°F,  65°F, 
95°F,  and  60°F  (1.7°C,  18.3°C,  35.0°C,  15.6°C),  and  the  dry-freeze 
environment,  with  seasonal  temperatures  of  35°F,  60°F,  90°F  and  50°F 

(1.7°C,  1 5.6°C,  32.2°C,  10°C),  had  the  least  difference  between  the 
cracking  performances  of  the  control  and  the  rubberized  materials. 

However,  the  difference  between  the  two  types  of  materials  was  still 
significant.  Also,  both  the  asphalt  concrete  control  and  the 
asphalt-rubber  concrete  performed  better  in  these  two  zones  than  they  did 
in  the  two  "no-freezeM  environments.  It  must  be  emphasized,  however, 
that  this  analysis  did  not  include  consideration  of  moisture  freeze/thaw 
effects.  Only  temperature  effects  on  the  material  properties  were 
accounted  for.  The  two  "freeze"  environments  each  had  one  cold  season, 
two  moderate  seasons,  and  one  hot  season.  The  cold/moderate  seasonal 
temperature  combination  seemed  to  create  the  better  environment  for  the 
cracking  performances  of  both  materials.  Table  22  shows  the  20-year  field 
damage  Indices  which  illustrate  these  observations.  Figure  27  shows 
plots  of  field  damage  index  versus  time  for  all  four  materials  in  each 
environmental  zone;  these  plots  provide  a  graphic  comparison  of  the 
material  performances  with  respect  to  cracking. 
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TABLE  22.  Field  Cracking  Indices  for  Combined  Traffic  at  20  Years 


Zone 

(Temperatures, °F) 

Material 

Cracking  Index 
(Field,  20  Years) 

Wet-Freeze 

AC-10  Control 

0.21 

(35-65-95-60) 

Asphalt-Rubber,  Low 

0.07 

Asphalt-Rubber,  Medium 

0.04 

Asphalt-Rubber,  High 

0.05 

Dry-Freeze 

AC-10  Control 

0.16 

(35-60-90-50) 

Asphalt-Rubber,  Low 

0.06 

Asphalt-Rubber,  Medium 

0.03 

Asphalt-Rubber,  High 

0.04 

Wet-No  Freeze 

AC-10  Control 

0.83 

(75-95-105-95) 

Asphalt-Rubber,  Low 

0.15 

Asphalt-Rubber,  Medium 

0.10 

Asphalt-Rubber,  High 

0.11 

Dry-No  Freeze 

AC-10  Control 

0.35 

(55-75-95-75) 

Asphalt-Rubber,  Low 

0.13 

Asphalt-Rubber,  Medium 

0.06 

Asphalt-Rubber,  High 

0.07 

'ET  FREEZE  DRY  FREEZE 

COMBINED  TRAFFIC  COMBBUB  TIW»IC 

- - f  ai«i - 


Plots  of  Cracking  Index  (Adjusted  to  Field  Fatigue  Condition)  for  Combined  Traffic 
versus  Year,  Showing  Four  Materials  in  Each  Climatic  Zone. 


All  of  the  Materials  considered  reached  a  rut  depth  of  0.7  Inches  or 
More  during  the  20-year  consideration  period.  The  times  to  this  failure 
level  for  all  Materials  In  each  cllMatlc  zone  are  shown  In  Table  23. 

For  all  four  environmental  zones,  the  asphalt  concrete  control 
material  experienced  the  largest  rut  depths;  and  the  asphalt-rubber 
concrete,  medium  binder  content,  experienced  the  smallest  rut  depths. 

For  all  zones  except  the  dry-no  freeze  zone,  with  seasonal  temperatures 

of  55°F,  75°F,  95°F  and  75°F  (12.8°C,  23.9°C,  35.0°C,  23.9°C)  the  rut 
depths  of  the  asphalt  concrete  control  were  much  higher  than  those  of  the 
asphalt-rubber  materials.  For  the  dry-no  freeze  climate,  the  rut  depths 
of  all  four  materials  were  similar.  Therefore,  it  was  evident  that,  at 
moderate  temperatures  and  with  respect  to  resistance  to  permanent 
deformation,  either  the  asphalt  concrete  or  the  asphalt-rubber  concrete 
could  be  used  equally  well  as  a  pavement  surface  material.  But  at  either 
hot  or  cold  temperatures,  the  asphalt-rubber  concrete  appeared  to  be 
considerably  more  resistant  to  permanent  deformation  than  the  asphalt 
concrete  control  material.  The  wet-no  freeze  environment,  with  seasonal 

temperatures  of  75°F,  PS°F,  105°F,  and  95°F  (23.9°C,  35.0°C,  40.6°C, 

35.0°C),  was  the  harshest  zone  for  the  asphalt  concrete;  this  mix  was 
computed  to  fail  in  less  than  a  year  in  the  hot  temperatures. 

The  comparisons  of  rutting  behavior  discussed  above  can  be  visualized 
by  looking  at  plots  of  rut  depth  versus  year  for  each  climatic  zone,  as 
shown  in  Figure  28. 

In  general,  the  addition  of  rubber  to  an  asphalt  paving  mixture 
seemed  to  impart  increased  resistance  to  both  cracking  and  rutting  at 

high  temperatures  (_>90°F).  At  cold/moderate  temperature  combinations, 
the  addition  of  rubber  imparted  some  cracking  resistance,  but  the 
performance  difference  was  not  as  marked  as  at  high  temperatures.  At 
moderate  temperatures,  the  asphalt  concrete  control  material  performed 
almost  as  well  as  the  asphalt-rubber  concrete  with  respect  to  rutting 
(permanent  deformation). 


TABLE  23.  Times  to  Rut  Depths  of  0.7"  or  More  for  Combined  Traffic  and 
for  Various  Materials  and  Climatic  Zones. 


ZONE 

(Seasonal 

Temperatures, 

°F) 

MATERIAL 

YEAR 

RUT  DEPTH 
(First  Rut 
Depth  Over 
0.70  in.) 

DAMAGE  INDEX 
(Field  Fatigue 
Parameters) 

Met/Freeze 

AC-10  Control 

04 

0.71 

0.020 

(35-65-95-60) 

Asphalt-Rubber,  Low 

17 

0.73 

0.050 

Asphalt -Rubber,  Med. 

17 

0.70 

0.027 

Asphalt-Rubber,  High 

17 

0.76 

0.038 

Dry /Freeze 

AC-10  Control 

05 

0.73 

0.017 

(35-60-90-50) 

Asphalt-Rubber,  Low 

18 

0.72 

0.054 

Asphalt-Rubber,  Med. 

18 

0.72 

0.025 

Asphalt-Rubber,  High 

17 

0.72 

0.033 

Wet/No  Freeze 

AC-10  Control 

1 

1.61 

0.019 

(75-95-105-95) 

Asphalt-Rubber,  Low 

13 

0.70 

0.062 

Asphalt-Rubber,  Med. 

15 

0.72 

.  0.060 

Asphalt-Rubber,  High 

13 

0.75 

0.045 

Dry/No  Freeze 

AC-10  Control 

15 

0.75 

0.201 

(55-75-95-75) 

Asphalt-Rubber,  Low 

16 

0.73 

0.083 

Asphalt-Rubber,  Med. 

16 

0.71 

0.038 

Asphalt-Rubber,  High 

15 

0.73 

0.038 

Relative  lives  of  Airport  Pavements  In  Different  Climatic  Zones 

A  cracking  Index  of  0.2  was  chosen  as  a  comparison  level  for  this 
study.  The  following  are  the  cracking  lives  in  years  to  a  cracking  index 
of  0.2  for  combined  traffic  acting  on  the  asphalt  concrete  control  and 
the  asphalt-rubber  concrete,  medium  binder  content.  In  each  environmental 
zone: 


Envl ronment 

AC-10  Control 

ARC -Medium 

Wet-Freeze 

20 

>20 

Wet-No  Freeze 

10 

>20 

Dry-Freeze 

>20 

>20 

Dry-No  Freeze 

15 

>20 

The  asphalt-rubber  concrete  passed  the  entire  design  period  for  all 
environmental  zones  without  reaching  the  comparison  level  of  0.2  for 
cracking  Index.  The  asphalt  concrete  control  had  a  varying  cracking  life. 

with  the  shortest  life  occurring  in  the  wet- 

■no  freeze  environment. 

A  rut  depth  of  0. 

7  Inches  was  chosen  as 

the  critical  level  for  this 

study.  The  following 

are  the  rutting  lives 

in  years  for  combined  traffic 

for  the  two  materials 

In  each  environmental 

zone: 

Envl ronment 

AC-10  Control 

ARC -Medium 

Wet -Freeze 

4 

17 

Wet-No  Freeze 

1 

15 

Dry-Freeze 

5 

18 

Dry-No  Freeze 

15 

16 

Comparing  the  times  for  cracking  to  the  critical  times  for  rutting  shows 
that  rutting  Is  the  expected  critical  failure  mode  for  both  materials  In 
all  four  environmental  zones.  Because  of  this,  the  rutting  failure  times 
will  be  used  for  the  economic  evaluation  performed  In  the  following 
section. 
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CHAPTER  IV.  COST-EFFECTIVENESS  COMPARISON  BETWEEN 
ASPHALT-RUBBER  CONCRETE  AND  ASPHALT  CONCRETE 


In  this  chapter,  approximate  costs  of  asphalt-rubber  concrete  and 
asphalt  concrete  will  be  estimated  for  these  materials  compacted  in 
place.  A  cost-effectiveness  analysis  of  each  of  the  four  materials  that 
have  been  analyzed  In  the  previous  chapters  will  be  performed.  Because 
the  only  difference  between  the  pavements  analyzed  is  the  materials  used 
In  the  surface  layer.  It  Is  the  cost-effectiveness  of  that  layer  which  is 
analyzed. 

COST  DATA  FOR  ASPHALT-RUBBER  CONCRETE  AND  ASPHALT  CONCRETE 

Estimates  for  asphalt-rubber  concrete  are  based  on  (1)  the  cost  of 
producing  the  asphalt-rubber  binder  and  (2)  substituting  the  cost  of  the 
asphalt-rubber  binder  for  the  cost  of  asphalt  cement  in  asphalt  concrete 
unit  prices. 

Since  the  asphalt-rubber  binder  produced  for  use  in  seal  coat 
construction  is  the  same  as  that  to  be  used  in  asphalt-rubber  concrete, 
the  component  prices  presented  by  Shuler,  et  al.  (Ref  30)  were  updated 
for  current  prices  and  are  shown  in  Table  24. 

Representative  prices  for  asphalt-rubber  binders,  as  used  in  chip 
seals  and  Interlayers,  are  given  in  Table  24.  These  prices  are  based  on 
industry-supplied  data  for  asphalt-rubber  binder  containing  70  percent 
asphalt,  25  percent  rubber  and  5  percent  petroleum  additives.  The  price 

per  ton  was  developed  from  an  application  rate  of  0.60  gal /yd2.  The  cost 
information  indicates  that  the  cost  of  materials  represents  about 
one-half  of  the  in-place  cost.  Blending  and  reacting  the  asphalt  and 
rubber  and  distribution  of  the  asphalt-rubber  binder  represents  about  20 
percent  of  the  total  in-place  cost  of  the  binder. 

Approximate  in-place  component  costs  for  hot  mixes  made  with  asphalt 
cement  and  asphalt-rubber  binders  are  given  in  Table  25.  Using  an 
asphalt-rubber  binder  increases  the  cost  of  the  concrete  by  about  40 
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TABLE  24.  Representative  Prices  (1984)  for  Asphalt-Rubber  Binders  per 
Ton,  as  Used  In  Chip  Seal  and  Interlayers.* 


Component 

$/Ton 

Cost 

Percent 

A. 

Materials 

1.  Asphalt  Cement 

$175  per  ton  f.o.b.  refinery 

$122.50 

28.0 

Transportation  -  $12  per  ton 

0.60 

0.14 

2.  Rubber 

$0.18  per  1b.  f.o.b.  plant 

90.00 

20.5 

Transportation  -  $12  per  ton 

0.60 

0.14 

3.  Additive 

$0,128  per  lb.  f.o.b.  refinery 

10.00 

2.3 

Transportation  -  $12  per  ton 

0.60 

0.14 

B. 

Blending  and  Reacting 

30.22 

6.9 

C. 

Binder  Distribution 

53.33 

12.2 

D. 

Travel  to  Job  Site 

20.00 

4.5 

E. 

Profit,  Overhead,  Taxes,  Insurance, 
Contingencies,  etc. 

109.28 

25.0 

TOTAL 

$437.13 

$100.0 

♦Based  on  Industry-supplied  data  with  the  asphalt-rubber  binder 
containing  70  percent  asphalt  cement,  25  percent  rubber  and  5  percent 

petroleum  additive.  Application  rate  0.60  gal /yd2  or  4.5  lbs/yd2. 
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TABLE  25.  Unit  Cost  Per  Ton  of  Material  in  Place  for  Asphalt  Concrete  and  Asphalt-Rubber  Concrete. 
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percent.  Host  of  this  cost  difference  Is  directly  related  to  producing 
the  asphalt-rubber  binder  Itself. 

COST-EFFECTIVENESS  ANALYSIS  BASED  ON  PROJECTED  LIVES  OF  PAVEMENTS 

The  type  of  distress  which  controls  the  useful  life  of  all  pavement 
surface  layers  Is  rutting.  In  accordance  with  common  practice,  a 
limiting  rut  depth  of  0.50  Inches  (1.27  cm)  was  set  and  annual  costs  were 
calculated  for  each  pavement  In  each  climatic  zone.  However,  It  was 
found  that  the  asphaltic  concrete  control  pavement  was  predicted  to  reach 
this  level  of  rut  depth  within  one  year.  Seeking  a  more  realistic  cost 
comparison  between  the  four  materials,  a  limiting  rut  depth  of  0.70 
Inches  (1.8  cm)  was  set  and  new  pavement  lives  were  determined. 

The  cost  figures  for  both  limiting  rut  depths  are  presented  below. 

The  steps  In  this  cost  comparison  are  as  follows: 

1.  Determine  the  construction  cost  of  each  paving  material  In  place 
per  square  yard. 

2.  Determine  the  equivalent  uniform  annual  cost  per  square  yard  of 
each  pavement  over  Its  predicted  life. 

3.  Select  the  most  cost-effective  material  in  each  climatic  zone  as 
the  one  which  provides  the  least  equivalent  uniform  annual  cost 
per  square  yard  for  the  life  of  the  pavement. 

The  equivalent  uniform  annual  cost  per  square  yard  Is  the  annual  cost 
per  square  yard  which.  If  paid  annually  over  the  life  of  the  pavement, 
has  a  present  value  equal  to  the  In-place  cost  per  square  yard  of 
construction  of  the  asphaltic  surface  layer.  The  interest  rate  that  is 
used  in  calculating  the  equivalent  uniform  annual  cost  is  4.0  percent  and 
is  considered  to  be  a  reasonable  estimate  of  the  difference  between 
actual  interest  and  actual  Inflation  rates  as  applied  to  construction. 

Construction  Cost  Per  Square  Yard 

The  determination  of  the  In-place  construction  cost  per  square  yard 
for  the  15-Inch  (38  cm)  thick  asphalt  surface  layer  uses  the  following 
steps: 
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.  Determine  the  In-place  density  of  each  of  the  four  materials. 

The  compaction  curves  shown  In  Chapter  I!  were  considered  to  be 
sufficiently  accurate  for  the  purposes  of  this  economic 
analysis. 

2.  Determine  the  tons  per  square  yard  of  each  material. 

3.  Determine  the  cost  per  square  yard  from  the  previously  determined 
cost  per  ton  of  material  In  place. 

The  results  of  these  determinations  are  contained  In  Table  26. 

Equivalent  Uniform  Annual  Costs  per  Square  Yard  of  Materials  In  Place 

The  equivalent  uniform  annual  cost  per  square  yard  of  each  material 
In  place  Is  similar  to  a  life-cycle  cost  of  each  material  except  that  It 
Includes  only  the  cost  of  construction  distributed  uniformly  over  the 
expected  life  of  the  pavement.  It  does  not  Include  the  cost  of 
maintenance  or  rehabilitation  of  the  pavement  or  the  costs  to  the  user 
while  these  activities  are  being  carried  out.  Because  these  are  largely 
unknown  for  asphalt-rubber  concrete  pavements.  It  Is  assumed  for  the 
purposes  of  this  cost-effectiveness  analysis  that  they  will  be  roughly 
proportional  to  the  equivalent  uniform  annual  cost  of  construction  and 
that  a  comparison  of  these  will  provide  a  rational  means  of  selecting  the 
preferable  material  In  each  climatic  zone. 

The  formula  for  the  equivalent  uniform  annual  cost  per  square  yard  Is 

EUAC  .  (PV/S.Y.)  (1)  (19) 

S.Y.  (1+1)  [l-(l+irn] 


where 


EUAC 

57T 

PV 


n 


the  equivalent  uniform  annual  cost  per  square  yard 

the  "present  value"  or  construction  cost  per  square  yard. 

the  effective  Interest  rate  which  is  assumed  to  be  the 
difference  between  the  actual  Interest  and  actual 
Inflation  rate  and  was  set  at  4  percent  for  this  analysis. 
In  this  case  1  Is  the  Interest  rate  In  percent  divided  by 
100. 

the  useful  life  of  the  pavement  in  years. 
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TABLE  26.  In-Place  Costs  Per  Square  Yard 
Rubber  Concrete. 

for  Asphalt  Concrete  and  Asphalt- 

Percent 

Binder 

In-Place 
Costs  per 
Ton 

Density, 

In-Place 
Tons  per  Costs  per 

Square  Yard  Square  Yard 

Material 

% 

S/Ton 

lb/ft3 

T/S.Y. 

S/S. Y. 

Asphalt  Concrete 

4.80 

$33.58 

151.2 

0.851 

$28.56 

Asphalt-Rubber  Concrete 

Low  Binder 

4.23 

45.68 

144.8 

0.815 

37.21 

Medium  Binder 

4.73 

48.27 

145.3 

0.817 

39.45 

High  Binder 

5.23 

50.86 

144.9 

0.815 

41.46 
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Two  comparisons  are  made  In  Table  27,  one  for  a  critical  rut  depth  of 
0.5  Inches  (1.27  cm)  and  the  other  for  a  critical  rut  depth  of  0.7  inches 
(1.8  cm). 

The  most  cost-effective  material  to  use  depends,  not  surprisingly, 
upon  the  climatic  zone  and  the  level  of  the  critical  rut  depth.  Only  in 
the  dry-no  freeze  zone  Is  the  asphaltic  concrete  more  cost  effective  than 
the  asphalt-rubber  concrete.  Elsewhere,  the  most  cost-effective 
materials  are  either  the  low  or  medium  (optimum)  binder  content 
asphalt-rubber  concretes.  In  the  wet-freeze  zone,  the  best  material 
changes  from  the  medium  to  the  low  binder  content  material  as  the 
critical  rut  depth  Is  deepened. 

On  the  basis  of  this  study.  It  appears  to  be  desirable  to  perform 
full  scale  experiments  with  asphalt-rubber  concrete  to  determine  whether 
these  findings,  which  are  based  upon  laboratory  tests  and  computer 
analysis,  are  borne  out  In  practice. 


and  Asphalt-Rubber  Concrete. 
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Most  cost  effective  choices  in  each  climatic  zone  are  underlined 


CHAPTER  V.  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


This  concluding  chapter  summarizes  the  changes  In  the  Marshall 
method  of  mix  design  which  were  necessary  to  produce  a  satisfactory  mix 
design  for  asphalt-rubber  concrete.  It  also  presents  a  brief  summary  of 
the  results  of  the  laboratory  testing,  computer  analysis,  and  prediction 
of  field  performance,  and  the  study  of  the  cost  effectiveness  of  asphalt 
concrete  as  contrasted  with  asphalt-rubber  concrete  that  have  been 
presented  in  the  three  previous  chapters. 

MODIFICATIONS  TO  THE  MARSHALL  METHOD  OF  MIX  DESIGN  FOR  ASPHALT-RUBBER 
CONCRETE 

The  Marshall  method  of  mix  design  for  asphalt  concrete  (Ref  4)  can  be 
used  to  produce  an  adequate  mix  for  asphalt-rubber  concrete,  but  several 
modifications  must  be  made  to  the  design  procedure.  These  modifications 
were  presented  In  the  two  volumes  of  this  report,  and  are  summarized 
below. 

Aggregate 

An  aggregate  gradation  should  be  chosen  based  on  the  project  specifi¬ 
cations,  and  the  final  aggregate  blend  combination  (mineral  aggregate 
plus  rubber  particles)  must  meet  the  gradation  requirements.  Before 
producing  the  aggregate  blend  for  production,  a  calculation  must  be 
performed  which  adjusts  the  aggregate  quantities  and  which  treats  the 
rubber  as  an  additional  aggregate.  The  rubber  particles  may  contribute 
significantly  to  the  total  amount  of  solid  particles  in  the  mix,  thereby 
necessitating  a  reduction  in  some  components  of  the  mineral  aggregate 
blend.  If  this  Is  the  case,  then  the  mineral  aggregate  blend  used  in  the 
mix  design  must  be  modified  to  permit  space  for  the  rubber  particles. 
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Mixing  and  Compaction  Temperatures 

The  Marshall  method  of  mix  design  calls  for  determination  of  mixing 
and  compaction  temperatures  by  viscosities.  However,  the  absolute 
viscosity  of  asphalt-rubber  produced  from  ground  reclaimed  rubber  and 
measured  with  capillary  tube  viscometers  Is  highly  variable.  (See  Volume 
I  of  this  report,  page  7).  Therefore,  viscosity  as  measured  by  capillary 
tube  viscometer  could  not  be  used  In  the  Marshall  mix  design  of 
asphalt-rubber  concrete. 

Mixing  and  compaction  temperatures  for  producing  asphalt-rubber 
concrete  for  mix  design  must  be  higher  than  those  used  for  asphalt 
concrete.  In  this  study,  temperature  and  compactlve  effort  experiments 

showed  that  mixing  and  compaction  at  375°F  (191°C)  produced 
asphalt-rubber  concrete  with  higher  stabilities  and  lower  air  voids  than 
were  attained  at  lower  temperatures.  In  the  materials  characterization 

portion  of  this  study,  a  mixing  temperature  of  375°F  (191°C)  was  used. 

But  the  beam  specimens  used  in  several  of  the  test  procedures  could  not 
be  compacted  at  this  high  of  a  temperature;  therefore,  a  compaction 

temperature  of  325°F  (163°C)  was  adopted  for  the  mix  design  and  specimen 
production. 

Mi xing 

Mixing  must  be  performed  using  a  high  energy  mechanical  mixer. 


Compactlve  Effort 

Compact ive  effort  of  75  blows  per  face  of  the  specimen  has  been 
recommended  in  this  study,  regardless  of  gear  load,  to  obtain  desired  air 
olds  contents. 


Extrusion  of  Specimens  from  Molds 


Asphalt-rubber  concrete  specimens  must  be  allowed  to  cool  to  room 


temperature  (about  24  hours)  before  being  extruded  from  the  molds.  This 
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prevents  the  swelling  of  the  specimens  which  had  previously  been  observed 
by  other  researchers,  as  mentioned  In  Volume  1  of  this  report. 


Air  Void  Content 

Percent  air  voids  requirements  must  be  raised  from  those  specified  in 
the  Marshall  method  when  designing  an  asphalt-rubber  concrete  mixture. 
Difficulty  was  experienced  with  the  mixes  tested  In  this  study  In  attain¬ 
ing  air  void  contents  below  about  7%  In  the  laboratory.  Therefore,  It  Is 
recommended  that  the  band  on  air  voids  requirement  should  be  between  3% 
and  8%  for  the  Marshall  mix  design.  However,  It  may  be  possible  to 
better  compact  the  asphalt-rubber  concrete  In  the  field. 


DIFFERENCES  IN  MATERIAL  PROPERTIES 

Laboratory  testing  of  asphalt  concrete  and  asphalt-rubber  concrete 
included  tests  of  compaction  and  air  voids,  Marshall  stability,  resilient 
modulus,  creep  compliance  and  temperature  susceptibility,  beam  fatigue, 
crack  propagation  and  fracture  in  the  Texas  Transportation  Institute 
"overlay"  test,  and  permanent  deformation.  There  were  four  materials 
tested:  an  asphalt  concrete  at  the  optimum  binder  content  of  an  AC-10 
hinder  (AC);  an  asphalt-rubber  concrete  at  the  optimum  binder  content 
(ARC-Medium  Binder  Content);  and  two  other  asphalt-rubber  concretes  at 
binder  contents  above  and  below  optimum  by  0.50  percent  by  weight 
(ARC-Low  and  High  Binder  Content).  The  results  of  the  comparisons  of 
these  four  materials  are  summarized  below. 

Compaction  and  Air  Voids 

The  asphalt-rubber  concrete  (ARC)  had  lower  density  and  higher  air 
voids  than  the  asphalt  concrete  (AC)  at  the  same  level  of  laboratory 

compaction.  The  maximum  density  of  the  AC  was  about  6  lb/ft^  greater 
than  the  ARC  and  the  air  voids  about  4.5  percent  less  at  the  optimum 
binder  content  which  was,  in  the  materials  tested,  about  the  same  in  the 
AC  and  the  ARC. 


Stability 

The  maximum  Marshall  stabilities  of  the  AC  and  the  ARC  mixes  were 
nearly  Identical  at  the  same  level  of  compaction,  but  the  maxima  occurred 
at  different  binder  contents:  4. IX  for  the  ARC  and  4.8%  for  the  AC.  For 
the  binder  contents  used  In  the  testing  program,  the  Marshall  stabilities 
were  approximately  2100  for  ARC  and  2300  for  the  AC,  both  of  which  are 
above  the  minimum  required  In  the  Marshall  mix  design  method  for  heavy 
traffic. 

Resilient  Modulus 

The  resilient  moduli  of  the  materials  at  the  same  compaction  level 
varied  from  one  temperature  to  the  next.  In  general,  at  low 
temperatures,  the  resilient  modulus  of  the  AC  was  greater  than  that  of 
any  of  the  ARC  mixes  tested,  and  at  high  temperatures  was  lower  than  that 
of  the  ARC  mixes.  The  change  of  modulus  with  temperature,  which  is  a 
measure  of  temperature  susceptibility,  was  greater  in  the  AC  followed  by 
the  ARC-High,  ARC-low,  and  ARC-Medlum,  in  that  order. 


Creep  Compliance  and  Temperature  Susceptibility 

Creep  test*:  were  made  on  the  four  mixes  at  three  different  tempera¬ 
tures  and  the  time-temperature  shift  functions  for  each  were  determined. 

At  the  70°F  (21.1°C)  master  temperature  and  at  10  seconds  after  loading, 
the  average  creep  compliances  arranged  in  order  of  increasing  magnitude 

were  as  follows:  ARC-low,  ARC-High,  AC,  and  ARC-Medium.  At  the  70°F 

(21.1 °C )  master  temperature  and  at  1,000  seconds  after  loading,  the 
average  creep  compliances  arranged  in  order  of  increasing  magnitude  were 
as  follows:  ARC-low,  ARC-Medium,  ARC-High,  and  AC. 

The  temperature  susceptibility,  as  indicated  by  the  time-temperature 
shift  functions,  in  decreasing  order  were:  AC,  ARC-Low,  ARC-Medium,  and 
ARC-High.  The  addition  of  the  rubber  to  the  binder  helps  the  material  to 
maintain  a  more  stable  compliance  as  temperature  changes. 


Beam  fatigue  tests  were  made  at  three  temperatures  to  determine  how 
the  fatigue  properties  changed  with  temperature.  Linear  relations  were 
found  between  logio  *1  and  K2  for  each  mix  and  the  dependence  of  logio  Ki 
on  temperature  was  also  found  for  each  mix.  The  fatigue  resistance  of 
these  materials  In  the  field  depends  upon  these  properties  as  well  as  the 
level  of  strain  Imposed  on  the  material  In  the  pavement  structure. 
Therefore,  It  Is  not  strictly  correct  to  compare  the  fatigue  resistance 
of  these  materials  on  the  basis  of  laboratory  tests  alone.  At  a  tempera¬ 
ture  of  75°F  (24°C)  the  values  of  K]  are  arranged  In  decreasing  order  as 
follows:  ARC-HIgh,  ARC-Medlum,  AC,  and  ARC-Low.  At  a  temperature  of 

35°F  (2°C),  the  values  of  K]  In  decreasing  order  are:  ARC-HIgh,  AC, 
ARC-Medlum,  and  ARC-Low. 

Crack  Propagation  and  Fracture  Tests 

The  Texas  Transportation  Institute  overlay  tester  was  used  to  deter¬ 
mine  the  fracture  properties  of  each  mix  at  a  low  temperature,  34°F 

(1.1 °C )  and  a  moderate  temperature,  77°F  (25°C).  By  using  a  "Crack  Speed 
Index",  which  can  be  determined  from  the  test  results,  the  materials  can 
be  compared  in  their  ability  to  resist  cracking.  At  the  low  temperature, 
the  mixes  are  arranged  in  the  following  order  of  decreasing  crack 
resistance:  ARC-Medium,  ARC-High,  AC,  and  ARC-Low.  At  the  moderate 
temperature,  the  materials  were  arranged  in  a  different  order,  again 
decreasing  in  crack  resistance:  AC,  ARC-Low,  and  ARC-Medium. 

According  to  Schapery's  theory  of  crack  growth  (Ref  22),  crack 
resistance  is  approximately  a  function  of  the  square  of  the  ratio  of  the 
tensile  strength  to  the  modulus.  The  reversal  of  the  order  of  crack 
resistance  of  the  asphalt  concrete  as  compared  to  the  asphalt-rubber 
concrete,  medium  binder  content,  as  the  temperature  decreases  from 
moderate  to  low  temperature  is  primarily  due  to  the  fact  that  the  modulus 
of  the  asphalt-rubber  concrete  decreases  relative  to  that  of  the  control 
material.  See  Figure  8  in  this  report. 


Permanent  Deformation 


Repeated  load  tests  were  run  on  each  mix  at  three  different  tempera¬ 
tures  and  material  properties  were  characterized  by  three  parameters 
which  were  used  to  calculate  rut  depth  In  the  modified  ILLIPAVE  analyses. 

At  70°F  (21°C),  the  values  of  the  scale  parameter,  p,  which  Is  an 
Indicator  of  resistance  to  rutting,  are  ranked  In  decreasing  order  as 
follows:  ARC-Medlum,  ARC-Low,  ARC-HIgh,  and  AC. 

PREDICTED  FIELD  PERFORMANCE 

A  typical  pavement  which  was  built  at  Robert  Mueller  Airport  In 
Austin,  Texas  was  used  for  all  the  predictions  of  field  performance. 

Four  climatic  zones,  five  aircraft,  and  four  materials  were  analyzed 
In  separate  runs  using  the  modified  ILLIPAVE  computer  program  for  a  total 
of  80  runs.  The  results  were  analyzed  separately  to  evaluate  the  rela¬ 
tive  effect  of  different  aircraft,  different  materials,  and  different 
climatic  zones  on  the  cracking  and  rutting  performance  of  the  typical 
pavement.  Subsequently,  the  effect  of  mixed  traffic,  using  a  typical  mix 
of  the  five  aircraft,  was  evaluated  to  determine  the  expected  useful  life 
of  the  pavement  in  each  climate  using  each  of  the  four  materials.  The 
aircraft  were  the  DC-9,  DC-10,  B-727,  B-737  and  B-757.  The  most  damaging 
aircraft  in  both  cracking  and  rutting  was  the  DC-10. 

In  all  climates,  the  rutting  criterion  was  more  critical  than  the 
cracking  criterion.  The  materials  that  lasted  longest  in  each  climate 
were  as  follows:  wet-freeze,  ARC-Medium;  dry-freeze,  ARC-Medium  and  Low; 
wet-no  freeze,  ARC-Low;  dry-no  freeze,  ARC-Medium.  The  materials  that 
were  more  resistant  to  cracking  In  each  climate  were  as  follows: 
wet-freeze,  ARC-Medium;  dry-freeze,  ARC-Medium;  wet-no  freeze, 

ARC-Medium;  dry-no  freeze,  ARC-Medium.  The  wet-no  freeze  climate  was  the 
most  severe  in  all  cases. 


LIFE  CYCLE  COST  ANALYSIS 


The  costs  of  each  of  the  materials  compacted  In  place  were  estimated 
and  were  used  to  compute  the  cost  per  square  yard  of  pavement  surface  for 
the  typical  pavement  that  Mas  used  In  the  analyses.  The  use  of  the 
rubber  In  the  asphalt-rubber  concrete  Increases  the  cost  per  ton  by  $12 
to  $17,  Increasing  Mlth  the  percent  binder  that  Is  used.  The  percentage 
Increase  Is  36  to  51  percent.  The  useful  life  of  the  pavement,  as 
dictated  by  the  critical  rutting  criterion.  Mas  used  to  calculate  an 
equivalent  uniform  annual  cost  of  each  material  In  each  climate.  An 
Interest  rate  of  four  percent,  representing  the  difference  between  actual 
Interest  and  actual  Inflation  rates,  was  used  to  calculate  these  annual 
costs.  A  comparison  of  these  equivalent  uniform  annual  costs  per  square 
yard  revealed  the  most  cost  effective  materials.  In  each  climate,  these 
were  as  follows:  wet-freeze,  ARC-Low  and  Medium;  dry-freeze,  ARC-Medium; 
wet-no  freeze,  ARC-Medium;  and  dry-no  freeze,  AC.  Thus,  according  to 
these  analyses.  In  all  climates  but  the  dry-no  freeze  zone,  the 
additional  cost  of  adding  rubber  to  the  binder  Is  justified  by  the 
increased  life  and  decreased  life  cycle  costs  of  the  ARC  material.  There 
are  still  questions  that  remain  and  these  are  discussed  in  the  following 
two  sections  of  this  chapter. 


RECOMMENDED  TUTURE  RESEARCH 

In  view  of  the  promising  results  of  this  study  of  asphalt-rubber 
concrete,  further  research  is  warranted  both  in  the  laboratory  and  in  the 
field. 

Laboratory  research  should  investigate  the  healing,  low  temperature 
cricking  and  moisture  susceptibility  of  asphalt-rubber  concrete  and  a 
me  e  extensive  study  of  the  fracture  and  permanent  deformation  properties 
of  ARC  should  be  made  with  different  types  of  rubber  and  aggregate.  The 
healing  property  is  particularly  important  in  calculating  the  lab-to- 
fleld  fatigue  shift  factor  which  was  assumed  to  be  13  in  this  study.  The 
low  temperature  cracking  should  Include  determination  of  the  thermal 
coefficient  of  expansion,  glass-transition  temperature,  and  further 


studies  of  the  fracture  properties  of  ARC.  The  possible  effect  of  the 
Increased  air  void  content  on  an  Increase  In  the  rate  of  oxidation  and 
aging  is  another  important  study  that  needs  to  be  conducted.  An  assess¬ 
ment  of  the  effect  of  each  of  these  on  the  predicted  useful  life  and  cost 
effectiveness  of  the  ARC  material,  as  was  done  in  this  report.  Is  an 
essential  part  of  the  research  evaluation. 

Field  research  with  demonstration  projects  are  warranted  on  the  basis 
of  these  results.  Particularly  Important  is  to  experiment  with  laydown 
and  compaction  methods  to  achieve  the  desired  level  of  compaction,  to  run 
tests  on  cores  taken  from  the  completed  project,  and  to  make  periodic 
assessments  of  the  condition  of  the  pavement.  Because  both  traffic  and 
climate  make  a  difference  In  the  performance  of  pavement  made  with  an  ARC 
surface  course.  It  Is  worthwhile  to  find  sites  for  demonstration  projects 
In  all  climatic  zones  where  ARC  appears  to  be  cost  effective. 

RECOMMENDED  FUTURE  PRACTICE 

The  use  of  asphalt-rubber  concrete  for  airport  pavement  appears  to  be 
justified  on  the  basis  of  its  expected  cost  effectiveness.  Production 
and  construction  practices  must  be  altered  somewhat  to  account  for  the 
different  properties  and  the  increased  temperatures  and  increased 
compactive  effort  that  will  be  required  to  mix  and  place  ARC  properly. 
Production  and  construction  practices  should  be  in  accordance  with  the 
procedures  which  are  outlined  in  Appendixes  A  and  B. 

On  the  basis  of  this  study,  asphalt-rubber  cement  used  as  a  binder, 
together  with  a  densely  graded  aggregate,  when  properly  constructed, 
should  provide  a  superior  cost-effective  asphalt-rubber  concrete  for  use 
on  airport  pavements  in  three  of  the  four  unique  climatic  zones  in  the 
United  States,  excluding  only  the  dry-no  freeze  zone. 
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APPENDIX  A 


Suggested  Guide  Specification  For  Production 
Of  Asphalt-Rubber  Binder  And  Its  Use  In  Construction 


APPENDIX  A.  SUGGESTED  GUIDE  SPECIFICATION  FOR  PRODUCTION  OF 
ASPHALT-RUBBER  BINDER  AND  ITS  USE  IN  CONSTRUCTION 


1.  DESCRIPTION 

This  guide*  involves  production  of  asphalt-rubber  binders  for  use  In 
hot  asphalt-rubber  concrete  for  pavement  surfaces  in  accordance  with  the 
plant  and  other  specifications.  The  main  differences  between  the  use  of 
asphalt-rubber  cement  and  the  use  of  asphalt  cement  occur  in  the 
production  of  the  asphalt-rubber  binder.  Construction  experience  has 
indicated  that  the  same  guidelines  as  those  used  for  other  hot -mix  types 
(in  particular,  for  asphalt  concrete)  will  produce  an  acceptable 
asphalt-rubber  concrete  pavement  surface.  Therefore,  construction 
operations  which  are  not  described  herein  (e.g.,  mixing,  placement,  and 
compaction)  should  follow  the  regular  FAA  Specifications.  This 
specification  describes  two  known  proprietary  processes  for  production  of 
the  binder  hereinafter  known  as  Method  A  and  Method  B.  Method  A  uses 
ground  reclaimed  "devulcanl zed"  rubber  and  an  extender  oil  whereas  Method 
B  uses  ground  reclaimed  vulcanized  rubber  and  a  kerosene  diluent.  Either 
method  is  acceptable  based  on  proper  compliance  with  the  specifications 
and  certification  of  materials. 


2.  MATERIALS 

Asphalt-rubber,  as  currently  used,  shall  include  between  15  and  28 
percent  by  total  weight  of  dry  rubber  in  an  asphalt  cement  matrix.  (See 
Volume  I  of  this  report,  page  18.) 


*  The  bulk  of  this  guide  was  prepared  by  Ray  Pavlovich. 


2.01  ASPHALT  CEMENT 

Asphalt  cement  shall  meet  the  requirements  of  AASHTO  M  20-70  (Table 
1),  M226-80  (Table  1),  or  M226-80  (Table  3).  Acceptable  grades  for  the 
respective  materials  will  depend  on  location  and  circumstances  and  will 
require  approval  of  the  Supplier  of  the  asphalt  rubber.  In  addition,  it 
shall  be  fully  compatible  with  the  ground  rubber  proposed  for  the  work  as 
determined  by  the  Supplier. 

2.02  RUBBER  EXTENDER  OIL  (METHOD  A) 

Extender  oil  shall  be  a  resinous,  high  flash  point  aromatic 
hydrocarbon  meeting  the  following  test  requirements. 

Viscosity,  SSU,  at  100°F  (ASTM  D  88) 

Flash  Point,  COC,  degrees  F  (ASTM  D  92) 

Molecular  Analysis  (ASTM  D  2007): 

Asphaltenes,  Wt.% 

Aromatics,  Wt.% 

2.03  KEROSENE  TYPE  DILUENT  (METHOD  B) 

The  kerosene  type  diluent  used  shall  be  compatible  with  all 
materials  used  and  shall  have  a  flash  point  (ASTM  D  92)  of  not  less  than 

80°F.  The  Initial  Bolling  Point  shall  not  be  less  than  300°F  with  total 

distillation  (dry  point)  before  450°F  (ASTM  D  850).  The  Contractor  is 
cautioned  that  a  normal  kerosene  or  range  oil  cut  may  not  be  suitable. 

2.04  GROUND  RUBBER  COMPONENTS 

A.  For  Method  A.  The  rubber  shall  meet  the  following  physical  and 
chemical  requirements: 

1.  Composition.  The  rubber  shall  be  a  dry,  free  flowing  blend 
of  40  Wt.%  powdered  devulcanlzed  rubber  and  60  Wt.%  ground 
vulcanized  rubber  scrap  specially  selected  to  have  a  natural 


2500  min. 
390  min. 

0.1  max. 
55.0  min. 


rubber  content  of  at  least  40  Wt.%  of  the  rubber.  It  shall  be 
free  from  fabric,  wire,  or  other  contaminating  materials  except 
that  up  to  4  Wt.%  of  a  mineral  powder  (such  as  calcium 
carbonate)  may  be  included  to  prevent  sticking  and  caking  of 
the  particles. 

2.  Sieve  Analysis  (ASTM  C  136): 


Sieve  Number 

%  Passing 

8 

100 

30 

60-80 

50 

15-40 

100 

0-15 

3.  Chemical  Analysis 

(ASTM  D  297): 

Natural  Rubber  Content,  Wt.%  30  min. 

4.  Mill  Test: 

When  40-50  grams  of  rubber  retained  on  the  Number  30  sieve  are 
added  to  the  tight  152.4  mm  rubber  mill,  the  material  win  pa^c 
on  the  mill  roll  in  one  pass,  and  will  usually  be  retained  on 
the  mill  roll.  This  will  indicate  the  presence  of  a  sufficient 
quantity  of  reclaimed  devulcanized  rubber. 

B.  For  Method  B.  The  rubber  shall  be  a  ground  tire  rubber,  100% 
vulcanized,  recommended  by  the  Contractor  for  this  use  and  with  the 
approval  of  the  Engineer  and  meeting  the  following  requirements: 

1.  Composition.  The  rubber  shall  be  ground  tire  rubber,  dry 
and  free  flowing.  The  specific  gravity  of  the  rubber  shall  be 
1.15 _+  0.05  and  shall  be  free  from  fabric,  wire,  or  other 
contaminating  materials  except  that  up  to  4  Wt.%  of  a  mineral 
powder  (such  as  calcium  carbonate)  may  be  included  to  prevent 
sticking  together  of  the  particles. 
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2.  Sieve  Analysis  (ASTM  C  136): 

Sieve  Number  %  Passing 

8  100 

10  98-100 

30  0-10 

50  0-2 

2.05  AGGREGATES 

Aggregates  shall  be  a  dry,  clean  material  meeting  the  requirements 
of  AASHTO  M  283-81  and  the  additional  requirements  listed  below: 

A.  Only  crushed  stone  or  slag  will  be  acceptable  (hot  or  precoated 
aggregates,  if  used,  will  be  by  special  provisions  in  the  contract 
documents). 

B.  The  aggregate  shall  not  contain  more  than  5  Wt.%  chert  or  other 
known  stripping  material. 

C.  Gradation  shall  be  according  to  ASTM  D  448-80,  Size  7  with  the 
addition  that  no  more  than  1  Wt.%  shall  pass  the  Number  50  sieve. 

D.  The  aggregate  shall  be  essentially  free  of  deleterious  material 
such  as  thin,  elongated  pieces,  dirt,  dust,  and  shall  contain  not 
more  than  1  Wt.%  water  (ASTM  C  566). 

2.06  CERTIFICATION  AND  QUALITY  ASSURANCE 

Prior  to  production,  the  Contractor  shall  submit  certification  of 
specification  compliance  for  all  materials  to  be  used  in  the  work.  Also 
certification  shall  be  submitted  concerning  the  design  of  the 
asphalt-rubber  blend  as  follows: 

A.  Method  A.  The  Contractor  shall  submit  certification  that  the 
asphalt  cement  is  compatible  with  the  rubber  and  has  been  tested  to 
determine  the  quantity  of  extender  oil  (usually  1  to  7  Wt.%) 
required  and  that  the  proposed  percentage  will  produce  an  absolute 

viscosity  of  the  blended  materials  of  600  to  2000  poises  at  140°F 
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when  tested  in  accordance  with  the  requirements  of  AASHTO  T  202-80. 
New  certifications  will  be  required  if  the  asphait  cement  lot  or 
source  is  changed. 

B.  Method  B.  The  Contractor  shall  submit  certifications  that  the 
asphalt  cement  is  compatible  with  the  rubber.  New  certifications 
will  be  required  if  the  asphalt  cement  lot  is  changed. 

3.  EQUIPMENT 
3.01  PRE-BLENDING 

Rubber  and  a  portion  of  the  asphalt  for  the  asphalt-rubber  blend 
shall  be  preblended  in  a  master  batch  prior  to  introduction  of  the  master 
batch  to  the  distributor.  The  master  batch  can  be  diluted  with 
additional  asphalt  and  additives  in  the  distributor  to  the  formulation 
recommended  by  the  Supplier. 


4.  PRODUCTION  DETAILS 

4.01  PREPARATION  OF  BINDER:  METHOD  A. 

A.  Preparation  of  Asphalt-Extender  Oil  Mix  Blend 

Blend  the  preheated  asphalt  cement  (250  to  400°F),  and 
sufficient  rubber  extender  oil  (1  to  7  Wt.%)  to  reduce  the 
viscosity  of  the  asphalt  cement-extender  oil  blend  to  within  the 
specified  viscosity  range.  Mixing  shall  be  thorough  by 
recirculation,  mechanical  stirring,  air  agitation,  or  other 
appropriate  means.  A  minimum  of  400  gallons  of  the  asphalt 
cement-extender  oil  blend  shall  be  prepared  before  introduction  of 
the  rubber. 

B.  Preparation  of  Asphalt-Rubber  Binder 

The  asphalt-extender  oil  blend  shall  be  heated  to  within  the 

range  of  350  to  425°F.  The  asphalt-rubber  blend  for  the  master 
batch  shall  be  preblended  in  appropriate  preblending  equipment  as 
specified  by  the  supplier  prior  to  introduction  of  the  master  batch 
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into  the  distributor.  Addition  of  asphalt  cement  into  the 
distributor  to  provide  the  specified  formula  shall  be  as  directed 
by  the  supplier.  The  percentage  of  rubber  shall  be  20  to  24  Wt.% 
of  the  total  blend  as  specified  by  the  supplier.  Recirculation 
shall  continue  for  a  minimum  of  30  minutes  after  all  the  rubber  is 
incorporated  to  insure  proper  mixing  and  dispersion.  Sufficient 
heat  should  be  applied  to  maintain  the  temperature  of  the  blend 

between  375  and  425°F  while  mixing.  Viscosity  of  the  asphalt-rubber 
shall  be  less  than  4000  centipoises  at  the  time  of  application 
(ASTM  0  2994  with  the  use  of  a  Haake  type  viscometer  in  lieu  of  a 
Brookfield  Model  LVF  or  LVT  if  desired). 

4.02  PREPARATION  OF  BINDER:  METHOD  B. 

A.  Preparation  of  the  Asphalt-Rubber  Blend  -  Mixing 

The  asphalt  cement  shall  be  preheated  to  within  the  range  of 

350  to  450°F.  The  asphalt-rubber  blend  for  the  master  batch  shall 
be  preblended  in  appropriate  preblending  equipment  as  specified  by 
the  supplier  prior  to  introduction  of  the  master  batch  into  the 
distributor.  Addition  of  asphalt  cement  and  diluent  into  the 
distributor  to  provide  the  specified  formula  shall  be  as  directed 
by  the  supplier.  The  percentage  of  rubber  shall  be  20  to  24  Wt.% 
of  the  total  asphalt-rubber  mixture  (including  diluent).  Mixing 
and  recirculation  shall  continue  until  the  consistency  of  the 
mixture  approaches  that  of  a  semi-fluid  material  (i.e.,  reaction  is 
complete).  At  the  lower  temperature,  it  will  require  approximately 
30  minutes  for  the  reaction  to  take  place  after  the  start  of  the 
addition  of  rubber.  At  the  higher  temperature,  the  reaction  will 
take  place  within  approximately  five  minutes;  therefore,  the 
temperature  used  will  depend  on  the  type  of  application  and  the 
methods  used  by  the  Contractor.  Viscosity  of  the  asphalt-rubber 
shall  be  less  than  4000  centipoises  at  the  time  of  application 
(ASTM  D  2994  with  the  use  of  a  Haake  type  viscometer  in  lieu  of  a 
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Brookfield  Model  LVF  or  LVT  If  desired).  After  reaching  the  proper 
consistency,  application  shall  proceed  immediately. 

B.  Adjustment  to  Mixing  Viscosity  with  Diluent 

After  the  full  reaction  described  In  MIXING  (4.02)  above  has 
occurred,  the  mix  can  be  diluted  with  a  kerosene  type  diluent.  The 
amount  of  diluent  used  shall  be  less  than  7.5  percent  by  volume  of 
the  hot  asphalt  rubber  composition  as  required  for  adjusting 
viscosity  for  better  wetting  of  the  aggregate.  Temperature  of  the 
hot  composition  shall  not  exceed  the  kerosene  Initial  boiling  point 
at  the  time  of  adding  the  diluent. 

4.03  JOB  DELAYS 

Prior  to  preparation  or  use  of  asphalt-rubber  (prepared  by  either 
Method  A  or  B)  maximum  holdover  times  due  to  job  delays  (time  of 
application  after  completion  of  reaction)  to  be  allowed  will  be  agreed 
upon  between  the  Contractor,  Supplier,  and  Engineer.  However,  holdover 

times  in  excess  of  16  hours  will  not  be  allowed  at  temperatures  above 

290°F.  Retempering  including  reheating  and  the  addition  of  asphalt, 
rubber  or  diluent  (kerosene/extender  oil)  will  be  allowed  with  the 
approval  of  the  Engineer. 

4.04  APPLICATION  OF  BINDER 

The  binder  material  shall  be  applied  at  a  temperature  of  375  to 

425°F  for  Method  A  and  290  to  350°F  for  Method  B  at  a  rate  specified  by 
the  Engineer. 

5.  METHOD  OF  MEASUREMENT 

The  asphalt-rubber  binder  will  be  measured  by  the  number  of  tons  of 
material  actually  used. 


6.  BASIS  OF  PA  WE  NT 

The  unit  price  bid  per  ton  shall  Include  the  cost  of  furnishing  all 
material,  all  labor  and  equipment  necessary  to  complete  the  work. 
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APPENDIX  B 


Changes  To  Asphalt  Concrete  Mix  Design 
Procedures  And  Construction  Guideline  For 
Use  Of  Asphalt-Rubber  Concrete  As  A  Pavement  Material 


APPENDIX  B.  CHANGES  TO  ASPHALT  CONCRETE  MIX  DESIGN  PROCEDURES 
AND  CONSTRUCTION  GUIDELINES  FOR  USE  OF  ASPHALT-RUBBER  CONCRETE 

AS  A  PAVEMENT  MATERIAL 

1.  DESCRIPTION 

This  guide  involves  the  mix  design  for  asphalt-rubber  concrete  and 
the  use  of  asphalt-rubber  concrete  as  a  pavement  material.  Mix  design 
and  construction  experience  have  indicated  that  the  same  procedures  as 
those  used  for  other  hot-mix  types  (in  particular,  for  asphalt  concrete) 
will  produce  an  acceptable  asphalt-rubber  concrete  pavement  surface. 
Therefore,  mix  design  procedures  not  discussed  herein  should  follow  the 
Marshall  method  of  mix  design  as  described  in  the  Asphalt  Institute's 
Manual  MS-2  (Ref  4).  Construction  operations  not  described  herein  (for 
example,  methods  of  mixing,  placement,  and  compaction)  should  follow  the 
regular  FAA  specifications  for  construction  with  asphalt  concrete. 

2.  MODIFICATIONS  TO  MARSHALL  MIX  DESIGN  METHOD  FOR  ASPHALT-RUBBER 
CONCRETE 

To  produce  an  adequate  mix  for  asphalt-rubber  concrete,  the  followinq 
modifications  must  be  made  to  the  Marshall  mix  design  method  for  asphalt 
concrete  (Ref  4): 

2.01  AGGREGATE 

A  calculation  must  be  performed  which  adjusts  the  aggregate  blend  to 
treat  the  rubber  particles  in  the  binder  as  an  additional  aggregate.  If 
this  adjusted  aggregate  blend  Is  significantly  different  from  the 
original  aggregate  blend,  then  the  adjusted  blend  shall  be  used  to 
combine  the  aggregate  to  produce  a  final  blend. 


2.02  MIXING  AND  COMPACTION  TEMPERATURES 

The  Marshall  method  of  mix  design  calls  for  determination  of  mixing 
and  compaction  temperatures  to  be  dependent  upon  viscosity  of  the 
material.  However,  capillary  tube  viscometers  shall  not  be  used  to 
measure  viscosity  of  asphalt-rubber  concrete  made  with  ground  reclaimed 
rubber.  If  viscosity  Is  used  to  determine  mixing  and  compaction 
temperatures,  then  the  Schweyer  rheometer,  the  Haake  rotational 
viscometer,  or  the  Brookfield  viscometer  may  be  used*. 

If  specific  temperatures  are  recommended,  then  the  mixing  and 
compaction  temperatures  for  mix  design  of  asphalt-rubber  concrete  shall 
be  higher  than  temperatures  for  asphalt  concrete.  A  mixing  temperature 

of  375°F  is  suggested  by  this  study;  a  compaction  temperature  of  above 
325°F(163°C)  Is  suggested. 

2.03  MIXING 

Mixing  shall  be  performed  using  a  high  energy  mechanical  mixer. 

2.04  COMPACT I VE  EFFORT 

A  compact ive  effort  of  75  blows  per  face  of  the  specimen  shall  be 
applied,  regardless  of  the  gear  level. 

2.05  EXTRUSION  OF  SPECIMENS  FROM  MOLDS 

Asphalt- rubber  concrete  specimens  shall  be  allowed  to  cool  to  room 
temperature  before  being  extruded  from  the  molds.  (The  project  engineer 
should  specify  a  minimum  cooling  time;  24  hours  is  recommended  by  this 
study. ) 


♦Personal  communication  with  T.  S.  Shuler,  New  Mexico  Engineering 
Research  Institute,  and  B.  M.  Gallaway,  Texas  ASM  University,  March, 
1987. 
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2.06  AIR  VOID  CONTENT 


The  upper  limit  on  air  void  content  shall  be  8%.  The  lower  limit 
specified  by  HS-2  (Ref  4)  can  remain  at  3%. 


3.  MODIFICATIONS  TO  CONSTRUCTION  PROCEDURES  WHEN  USING  ASPHALT-RUBBER 
CONCRETE 

The  primary  modification  to  construction  procedures  involves  the 
temperatures  at  which  the  material  Is  mixed,  transported,  placed,  and 
compacted.  Other  construction  procedures  used  for  asphalt  concrete  have 
been  successfully  used  In  construction  with  asphalt-rubber  concrete. 

3,01  TEMPERATURES 

It  Is  recommended  that  the  mixing  temperature  be  In  the  range  of 
325-350°F ( 163-1 77°C ) . 

It  is  recomnended  that  compaction  be  allowed  to  control  the 
temperatures  of  the  materials  during  the  placement  process.  The 
contractor  shall  construct  a  test  strip  which  shall  be  tested  for  air 
void  content  after  placement.  The  suggested  temperature  range  for 

placement  shall  be  "greater  than  300°F ( 149°C ) "  and  it  Is  recommended  that 

the  initial  test  strip  be  placed  at  a  temperature  of  325°F(163°C)  or 
above.  If  possible. 

If  the  material  cannot  be  sufficiently  compacted  at  a  temperature 

below  350°F(177°C) ,  then  It  is  recommended  that  the  compactlve  effort  be 
increased  rather  than  Increasing  the  temperature  of  the  materials  above 

350°F(177°C).  This  Is  due  to  the  high  cost  of  heating  the  materials. 

It  is  possible  that  3  to  5  percent  air  void  contents  may  be  attained 
in  the  field,  but  field  verification  will  be  necessary. 

3.02  SMOKE  CONTROL 

At  the  higher  temperatures  required  for  placement  of  asphalt-rubber 
concrete,  the  material  may  emit  smoke.  Applicable  pollution  control 
measures  may  need  to  be  taken. 


APPENDIX  C 


Permanent  Deformation  Analysis: 
Strain  Versus  Cycles  To  Failure  Plots 
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ASPHALT  CONCRETE  -  AC  10 

Permanent  Deformation  Characterization 
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Permanent  Deformation  Characterization 
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ASPHALT  CONCRETE  -  ACIO 

Permanent  Deformation  Characterization 
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ASPHALT  CONCRETE  -  ACIO 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE 

Permanent  Deformation  Characterization 


ASPHALT  RUBBER  -  AR4L 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE  -  AR5L 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE  -  AR3L 

Permanent  Deformation  Characterization 


(S— 301  seaijj.) 
(uj/uj)  u)djis  p®>D|nainoDV 

142 


(Thousands) 

.  .  _  .  Cycles  (N) 

Lab  Data  o  Calculated  (Nonlin) 


ASPHALT  RUBBER  CONCRETE  -  AR3L 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE  -  AR4M 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE  -  AR9M 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE  -  AR9H 

Permanent  Deformation  Characterization 


SPHALT  RUBBER  CONCRETE  -  AR6H 

Permanent  Deformation  Characterization 
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ASPHALT  RUBBER  CONCRETE  -  AR5H 

P«rman«nt  Deformation  Characterization 


ASPHALT  RUBBER  CONCRETE  -  AR5H 

Permanent  Deformation  Characterization 
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Permanent  Deformation  Parameters  For  All  Material, 
Aircraft,  And  Temperature  Combinations;  And  Sample 
Plots,  Permanent  Deformation  Parameters  Versus  Temperature 
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APPENDIX  0.  PERMANENT  DEFORMATION  PARAMETERS  FOR  ALL  MATER  I Ai  , 
AIRCRAFT,  AND  TEMPERATURE  COMBINATIONS;  AND  SAMPLE  PLOTS,  PERMANENT 
DEFORMATION  PARAMETERS  VERSOS  TEMPFRATORF 


This  appendix  contains  the  permanent  deformation  parameters  for  each 
material  and  each  aircraft  after  the  parameters  have  been  adjusted  to  the 
field  stress  level.  Also  In  this  appendix  are  samples  of  the  plots  of 
the  adjusted  permanent  deformation  parameters  versus  temperature.  The 
plots  for  the  DC-10  aircraft  are  Included  here. 

In  this  appendix,  the  element  numbers  are  the  horizontal  finite 
element  mesh  rows,  with  element  number  1  being  at  the  top  of  the  asphalt 
layer  and  element  number  7  being  at  the  bottom.  When  no  data  are  shown 
for  element  number  1,  the  typical  stress  calculated  for  that  aircraft 
load  In  the  top  of  the  asphalt  layer  was  negative.  In  that  case,  no 
ratio  (of  permanent  deformation  parameter  at  field  stress  to  permanent 
deformation  parameter  at  laboratory  stress  for  the  typical  aspha'* 
concrete  material)  could  be  calculated.  This  ratio  was  nectary  f or 
calculating  the  parameter  at  field  stress  for  the  test  material.  Thus, 
when  no  ratio  could  be  calculated,  the  parameter  from  element  number  2 
was  Input  In  the  computer  program  for  element  number  1  as  well. 

Note  that  the  parameter  does  not  change  with  element  number,  or 
with  Increasing  depth.  This  Is  because  the  parameter  Is  not  sensitive 
to  stress.  It  Is,  however,  sensitive  to  temperature  and  to  material. 
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PERMANENT  DEFORMATION  PARAMETER:  p 
AIRCRAFT:  All 


Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1 ) 

100  (37.71 

AC-10  Control 

all 

I.HxlO16 

9.82x103 

6.38x10^° 

ARC -Low 

all 

3.42xl016 

2.54xl016 

1.92xl04 

ARC -Medium 

all 

3.45x1016 

?.89x1016 

2.50xl016 

ARC -High 

all 

1.30x1015 

4.72x1010 

5.23xl02 
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PERMANENT  DEFORMATION  PARAMETER:  co/er 
AIRCRAFT:  DC-9 

Temperature,  °F  (°C1 


Material 

Element 

40  (4.4) 

70  (21.1) 

)0  (37.7) 

AC-10  Control 

1 

- 

2.46X101 

6.43x104 

2 

3.07x103 

4.99X101 

1.15x10s 

3 

3.72xl03 

5.99X101 

1.09xl0S 

4 

3.46x103 

5.44X101 

8.22xl04 

5 

3. 35x1 03 

4.98X101 

6.57xl04 

6 

3.63xl03 

5.00X101 

5. 70xl04 

7 

4.62xl03 

5.59X101 

5.20xl04 

ARC-Low 

1 

- 

1.23xl04 

1.94xl02 

2 

4.10x103 

2.50xl04 

3.47x102 

3 

4.96x103 

3.00xl04 

3.30xl02 

4 

4.61 xIO3 

2.73x104 

2.48xl02 

5 

4.47x103 

2.49xl04 

1.98xl02 

6 

4.85x103 

2.50xl04 

1.7?xl02 

7 

6. 1 7x103 

2.80xl04 

1 . 5  7  x  1 3  ? 

ARC -Medium 

1 

. 

4.87x102 

3.4;/’'  ' 

2 

2.67x103 

9.R8xl02 

6.14»1'  • 

3 

3.23xl03 

1 . 1 9xl03 

5.84x10  ! 

4 

3.00x103 

I.ORxIO3 

4. 39x103 

5 

2.91x1 03 

9.88xlOZ 

3.50xl03 

6 

3. 1 6xl03 

9.91 xlO? 

3.04x103 

7 

4.01 xIO3 

1.1  lxlO3 

2. 7 7 x  1 0 3 

ARC-HIgh 

1 

• 

1.48xl02 

3.01 xIO1 

2 

9. 1 7  x 1 03 

3.00xl02 

5. 38x1 O1 

3 

l.llxl O4 

3.60xl02 

5.1?xlo' 

4 

1.03xl04 

3.?7x10? 

1 . R4x in 1 

5 

I.OOxlO4 

3.00xl0? 

3.07x10' 

6 

?.09x?04 

3.noxioz 

in' 

7 

1 . 38  x 1 04 

3. 3ft  X 1  n? 

? .  4 1  *  l  n 1 

PERMANENT  DEFORMATION  PARAMETER:  8 
AIRCRAFT:  DC-9 


Temperature,  °F  (°C) 


Material 

4-* 

C 

| 

uj 

40  14.4) 

70  (21.1) 

100  (37 

AC-10  Control 

i 

m 

0.1870 

0.0819 

2 

0.0789 

0.2550 

0.0896 

3 

0.0816 

0.2640 

0.0891 

4 

0.0806 

0.2600 

0.0856 

S 

0.0802 

0.2550 

0.0823 

6 

0.0813 

0.2560 

0.0798 

7 

0.0843 

0.2610 

0.0780 

ARC -Low 

1 

- 

0.0604 

0.1790 

2 

0.0806 

0.0827 

0.1960 

3 

0.0834 

0.0855 

0.1950 

4 

0.0824 

0.0841 

0.1870 

5 

0.0819 

0.0827 

0.1800 

6 

0.0831 

0.0827 

o 

• 

o 

/ 

0.0861 

0.0845 

0.1700 

ARC -Medium 

1 

- 

0.0472 

0.0776 

2 

0.0 7 99 

0.0647 

0.0R49 

3 

0.0827 

0.0669 

0.0844 

4 

0.0816 

0.0658 

0.0811 

5 

0.0812 

0.0647 

0.0780 

6 

0.0823 

0.0647 

0.0780 

7 

0.0853 

0.0661 

0.0739 

ARC-HIgh 

1 

- 

0.0665 

0.2120 

2 

0.0878 

0.0911 

0.2320 

3 

0.0909 

0.094? 

0.2300 

4 

0.0897 

0.0926 

0.2210 

5 

0.0892 

0.0911 

0.21 30 

6 

0.0905 

0.091 1 

0.2060 

7 

0.0938 

0.0931 

0.2020 

160 


PERMANENT  DEFORMATION  PARAMETER:  e0/er 
AIRCRAFT:  DC-10 


Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1) 

100  (37,7) 

AC-10  Control 

1 

- 

- 

6.27xl04 

2 

2. 30x1 03 

4.16X101 

1.25xl05 

3 

4.06x103 

6.66X101 

1.48xl05 

4 

4.93xl03 

7.40X101 

1.23xl05 

5 

5.66xl03 

7.60X101 

9.96xl04 

6 

7.1 9xl03 

8.38X101 

8.49xl04 

7 

1.1 3x1 04 

1.06xl02 

7.61 xlO4 

ARC-Low 

1 

- 

- 

1.89xl02 

2 

3.07xl03 

2.08xl04 

3.78xl02 

3 

5.42xl03 

3. 33xl04 

4.46xl02 

4 

6.58xl03 

3. 70xl04 

3. 72xl02 

5 

7.56xl03 

3.81 xlO4 

3.00xl02 

6 

9.60xl03 

4. 1 9xl04 

?.56xl02 

7 

1 .51x1 04 

5.29xl04 

?. ?9xl02 

ARC -Medium 

1 

- 

- 

3. 34xl03 

2 

2.noxio3 

B.25xl02 

6.69xl03 

3 

3.53xl03 

1 . 3?xl03 

7.89xl03 

4 

4. 29xl03 

1 .47x1 O3 

6.58xl03 

5 

4.92xl03 

1 .51 xlO3 

5. 31 xlO3 

6 

6.25xl03 

1.66xl03 

4.52xl03 

7 

9.86xl03 

2. lOxlO3 

4.06xl03 

ARC -High 

1 

• 

- 

0.?93xl02 

2 

n.6R /  -m4 

o.?60xin3 

0.586xl02 

3 

n. 1 ? 1 r 1 os 

0.400xl03 

0.69?xl02 

4 

0.14/. 10s 

0.445xlO3 

0.577xl0? 

S 

0. 1 6  J  • in5 

0. 467  xl O3 

0.465xl0? 

6 

n.2i'»x 

0.504xl03 

0.396xl0? 

7 

0.33l<.l0s 

0.636xl03 

0.366xl0? 
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PERMANENT  DEFORMATION  PARAMETER:  0 
AIRCRAFT:  DC-10 


Material 
AC-10  Control 


ARC -Low 


ARC -Medium 


ARC-HIgh 


Temperature,  °F  (°C) 


Element 

40  (4.4) 

70  (21.1) 

100  (37.7) 

1 

- 

- 

0.0815 

2 

0.0736 

0.2450 

0.0905 

3 

0.0828 

0.2690 

0.0921 

4 

0.0850 

0.2730 

0.0903 

5 

0.0864 

0.2740 

0.0880 

6 

0.0886 

0.2770 

0.0860 

7 

0.0923 

0.2850 

0.0845 

1 

- 

- 

0.1780 

2 

0.0752 

0.0794 

0.1980 

3 

0.0846 

0.0869 

0.2010 

4 

0.0868 

0.0883 

0.1970 

5 

0.0883 

0.0886 

0.1920 

6 

0.0906 

0.0897 

0.1880 

7 

0.0943 

0.0921 

0.1850 

1 

- 

- 

0.0772 

2 

0.0745 

0.0621 

0.0857 

3 

0.0838 

0.0680 

0.0873 

4 

0.0860 

0.0690 

0.0856 

5 

0.0875 

0.0693 

0.0834 

6 

0.0898 

0.0702 

0.0815 

7 

0.0934 

0.0721 

0.0801 

1 

- 

- 

0.2110 

2 

0.0819 

0.0874 

0.2340 

3 

0.0921 

0.0958 

0.2380 

4 

0.0946 

0.0972 

0.2340 

5 

0.0962 

0.0976 

0.2270 

6 

0.0987 

0.0988 

0.2220 

7 

0.1030 
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PERMANENT  DEFORMATION  PARAMETER:  eo/er 


AIRCRAFT:  B-727 


Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1) 

100  (37.7) 

AC-10  Control 

1 

- 

- 

6.03xl04 

2 

2.45xl03 

4.27xl0] 

1 . 1 3xl05 

3 

3.77  xlO3 

6.1 4x1 01 

1.25xl05 

4 

4.1 5x1 03 

6.36X101 

1 ,02x10s 

5 

4.46xl03 

6.27X101 

8.23xl04 

6 

5. 30x1 03 

6.65X101 

7.09xl04 

7 

7.60xl03 

7.96xl0] 

6.42xl04 

ARC -Low 

1 

• 

- 

1.82xl02 

2 

3.28xl03 

2.14x1 O4 

3.41 xlO2 

3 

5.04xl03 

3.07xl04 

3. 76xl02 

4 

5.55xl03 

3.19x1 04 

3.06xl02 

5 

5.96xl03 

3.14x1 04 

2.48xl02 

6 

7.08xl03 

3.33xl04 

2. 1 4xlOZ 

7 

1.02xl04 

3.99xl04 

1 ,93xl02 

ARC -Medium 

1 

- 

- 

3.21 xlO3 

2 

2.1 3xl03 

8.47xl02 

6.03xl03 

3 

3. 28xl03 

1 . 22xl03 

6.66xl03 

4 

3.61 xlO3 

1 . 26x1 03 

5.42xl03 

5 

3.88xl03 

1.24xl03 

4. 39xl03 

6 

4.61 xlO3 

1 . 32xl03 

3. 78xl03 

7 

6,61 xlO3 

1 . 68x1 O3 

3.4?xl03 

ARC-HIgh 

1 

• 

- 

2.R0X101 

2 

7. 34xl03 

2.57x102 

5. 30x1 O1 

3 

1.13xI04 

3.69xin? 

£>.8n*to) 

4 

1 . 24  xlO4 

3.83x1 0? 

4. 70X101 

5 

1 . 33x1 O4 

3.77xin? 

3.ROxlo' 

6 

1.5Rx104 

A.ooxin2 

3.3'lxlO1 

7 

2.27x1 D4 

4 . 79x1 O2 

C 

c 
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PERMANENT  DEFORMATION  PARAMETER:  6 
AIRCRAFT:  B-727 

Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1) 

100  (37.7) 

AC-10  Control 

1 

- 

- 

0.0808 

2 

0.0749 

0.2470 

0.0894 

3 

0.818 

0.2650 

0.0904 

4 

0.0830 

0.2670 

0.0882 

5 

0.0839 

0.2660 

0.0856 

6 

0.0857 

0.2690 

0.0835 

7 

0.0891 

0.2750 

0.0819 

ARC -Low 

1 

- 

- 

0.1767 

2 

0.0766 

0.0799 

0.1955 

3 

0.0836 

0.0858 

0.1977 

4 

0.0848 

0.0864 

0.1929 

5 

0.0857 

0.0862 

0.1871 

6 

0.0876 

0.0869 

0.182* 

7 

0.9U 

0.0891 

o.wv 

ARC -Medium 

1 

- 

- 

0.0766 

2 

0.0759 

0.0625 

0.0847 

3 

0.0828 

0.0671 

0.0857 

4 

0.0841 

0.0675 

0.0836 

5 

0.0849 

0.0674 

0.0811 

6 

0.0868 

0.0680 

0.0791 

7 

0.0902 

0.0697 

0.0776 

ARC-Hiqh 

1 

- 

- 

0.2090 

2 

0.0834 

0.0880 

0.231? 

3 

0.0910 

0.0945 

0.2338 

4 

0.0924 

0.0951 

0.2281 

5 

0.0934 

0.094° 

0.2213 

6 

0.0954 

0.09*7 

0.2159 

7 

0.0992 

0.098? 

0.21  18 
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PERMANENT  OE FORMAT  I ON  PARAMETER:  e0/e 

r 

AIRCRAFT:  B-737 

Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1) 

100  (37.7) 

AC-10  Control 

1 

1.44xl03 

2.67xl0] 

fc.^OxlO4 

2 

2. 75xl03 

4.53xlo' 

0. 7?x 1 04 

3 

3.19x1 03 

5. 1 7xlo' 

0. 10x1 04 

4 

3.06xl03 

4.84x10' 

7.71 *104 

5 

3.02xl03 

4.53x10 

5. 96 « 1 04 

6 

3.28xl03 

4. 58x1  o' 

6. ?7  x 1 04 

7 

4.08xl03 

5 . 08  x  1 0 ' 

4  .  ^7  7  ,  1  0  4 

ARC -Low 

1 

1 . 93xin3 

1 . 34  *  1 04 

1 .00*10  ' 

2 

3.67x)03 

?.?7*in4 

7.07*10^ 

3 

4.26xl03 

?.  5Q* l n4 

?. 74, in? 

4 

4.09xl03 

?.4?*in4 

7.  1  7,  irv 

S 

4.04xl03 

?  .  ?  7  «  1  0 4 

1  .  ’  4  i  1  0  ’ 

6 

4.3«*103 

?.?Q*104 

t.^4,  in 

7 

s^xin3 

7.  ^4 , in4 

i  .  1  ’ .  i  1  ' 

ARC -Medium 

1 

1 .  » 1 o 7 

.  in,  i  f' 

« 

7 

7. 30*1 

4  .  uu ,  1 

1 

\  H*in3 

1 .  1 

s . 

4 

;.6*.l'i; 

4  .  1  ■  1  ' 

7.61*10  * 

-  .  44  ,  ' 

... 

h 

/.aSxin'’ 

4.  ’'.I''  ' 

7 

7.  Sirin' 

.  •  . 

ARC -High 

T 

4.71,’’' 

*-  '  , 

J 

#  1 

J.  M  , 

4 

4  .  ’  ■  , 

4.  '4  .  ’ 

- 

4 « 
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PERMANENT  DEFORMATION  PARAMETER:  6 
AIRCRAFT:  8-737 

Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1) 

100  (37.7) 

AC-10  Control 

1 

0.0548 

0.2030 

0.0823 

2 

0.0771 

0.2500 

0.0877 

3 

0.0795 

0.2570 

0.0869 

4 

0.0789 

0.2540 

0.0837 

5 

0.0786 

0.2500 

0.0806 

6 

0.0799 

0.2510 

0.0783 

7 

0.0828 

0.2560 

0.0765 

ARC -Low 

1 

0.0560 

0.0657 

0.1800 

2 

0.0788 

0.0810 

0.1917 

3 

0.0812 

0.0833 

0.1899 

4 

0.0806 

0.0822 

0.1831 

6 

0.0804 

0.0810 

0.1762 

6 

0.0816 

0.0812 

0.1711 

7 

0.0846 

0.0830 

0.1673 

APC-Merli  um 

1 

0.0656 

0.0514 

0.0780 

? 

0.0780 

0.0634 

0.0831 

3 

0.0805 

0.0651 

0.0823 

4 

0.0798 

0.0643 

0.0793 

S 

0.0796 

0.0634 

0.0764 

6 

0.0809 

0.0635 

0.0742 

7 

0.0838 

0.0649 

0.0725 

AWT -High 

1 

0.0610 

0.0724 

0.2129 

? 

0.0858 

0.0892 

0.2268 

3 

0.0885 

0.0917 

0.2246 

4 

0.0878 

0.0906 

0.2165 

6 

0.0876 

0.0892 

0.2084 

6 

0.0889 

0.0894 

0.2023 

PERMANENT  DEFORMATION  PARAMETER:  eo/er 
AIRCRAFT:  8-757 


Temperature,  °F  (°C) 


Material 

Element 

40  (4.4) 

70  (21.1) 

100  (37.7) 

AC-10  Control 

1 

1.31x1 03 

2.50xl03 

6.87xl04 

2 

3.29xl03 

5.33xl0J 

1.28xl05 

3 

4.02x103 

6.46X101 

1.21/ 105 

4 

3. 70xl03 

5.81X101 

8.8  7x1 f)4 

5 

3.57xl03 

5.27xlO] 

6.96/104 

6 

3.89xl03 

5.28X101 

5.98/1 04 

7 

5.01 xlO3 

5.94X101 

5. 42  /H)4 

ARC -Low 

1 

1 . 75xl03 

1.25xl04 

?.07> !02 

2 

4. 39xl03 

2.67xl04 

3.8/xlO2 

3 

5.37xl03 

3.23xl04 

3.64/102 

4 

4.94xl03 

2.91 xl 04 

2.67/I02 

5 

4. 76xl03 

2.64xl04 

2. 10x1 O2 

6 

5.1 9xl03 

2.64xl04 

1.80/1 02 

7 

6.69xl03 

2.98x1 04 

1.^3xlo? 

ARC -Medium 

1 

1 .14x1 03 

4.96xl02 

3.86/10  : 

2 

2.86xl03 

1 .06x1 03 

6.85/103 

3 

3.50xl03 

1.2Rxl03 

6.44x10  : 

4 

1 .21 xlO3 

1 . 1 5x1 03 

4.73/10  ' 

5 

3.10xl03 

1 .04x1 03 

3.  71/10" 

6 

3. 3Rxl03 

1 .05x1 O3 

3.19x10" 

7 

4. 36xl03 

1 . 1 8x1 03 

2. 89x 1 O3 

ARC-High 

1 

3.92xl03 

1.50xl02 

3.20x10' 

2 

9.83xl03 

3.21xl02 

6. 00x1 O1 

3 

l.ZOxlO4 

3.89xl02 

5. 60x1  o' 

4 

1 .10x1 04 

3.50xl02 

4. 1 Oxl O1 

5 

1.07xl04 

3. 1 7x1 O2 

3. 30xlo' 

6 

1 .16x1 04 

3. 1 8x1 O2 

2. 80x1 O1 

7 

1 ,50xl04 

3. 58x1 02 

2.60xlo' 

MT  KFOMATIO*  NMUMITCR:  fe 


pc  mm. 

AltCMFT:  i-757 


T«p*r«tur»,  °F  (°C) 


ClOMOt 

40  (4,4) 

70  (21.1) 

100  (37 

AC-10  C«rttr#l 

1 

0.0320 

0.1910 

0.0830 

2 

0.0700 

0.2690 

0.0907 

3 

0.0026 

0.2670 

0.0901 

4 

0.001b 

0.2630 

0.0866 

b 

0.0011 

0.2680 

0.0832 

6 

0.002? 

0.2680 

0.0807 

7 

0.006? 

0.2640 

0.0788 

ARC -Low 

1 

0.0337 

0.0617 

0.1814 

2 

0.001 7 

0.0838 

0.1983 

3 

0.0044 

0.0866 

0.1970 

4 

0.0033 

0.0861 

0.1893 

6 

0.0829 

0.0836 

0.1819 

b 

0.0840 

0.0836 

0.1764 

/ 

0.0870 

0.0864 

0.1722 

ARC  -Med  i  u» 

1 

0.0333 

0.0483 

0.0786 

2 

0.0809 

0.0666 

0.0860 

3 

0.083/ 

0.0677 

0.0864 

4 

0.0826 

0.0666 

0.0820 

6 

0.0821 

0.0664 

0.0788 

6 

0.083? 

0.0664 

0.0764 

7 

0.086? 

0.0668 

0.0747 

ARC-High 

1 

0.036/ 

0.0680 

0.2146 

2 

0.0890 

0.0923 

0.2346 

3 

0.0920 

0.0963 

0.2330 

4 

0.0908 

0.0937 

0.2239 

6 

0.0903 

0.0921 

0.2161 

6 

0.091b 

0.0921 

0.2086 

7 

0.0948 

0.0941 

0.2037 
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LOQ(P) field,  a.c.10 


LOG(  P  )  f|«|<j,a.rx.How 


Aircraft:  DC-10 
Material :  ARC-Mtdluft 
Parmtir:  p 

IT 


All  Cl«m#flt» 


LOQ(  P  )  fl«ldra.r.e.-Mgft 


LOG<  ®o  /  tf  )  n#W,*.c.-10 


Aircraft:  0C-10 
Niurlal :  AC-10  Control 


Aircraft:  DC-10 
Material :  ARC -Low 


Parana tar:  co/cr 
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LOG<  Co/c,  )  field,  a.r.c.-m«dkim 


Aircraft:  DC-10 
Material :  ARC-Madlun 
Paranater:  eo/c 

r 


LOG<  Co/Cr)  field,  •.r.c.-hlgh 


<  6  >  field,  a.c.-IO 


Aircraft:  OC-IO 
Natarlal:  AC-10  Control 
Paraeotar:  0 


(  8  )  field, a.r.c.-low 


Aircraft:  DC-10 
Material :  ARC-Low 
Parameter:  0 


(  B  )field,  a.r.c.-medium 


Aire rift:  0C-10 
Mtarlal:  AAC-AkJ1u» 


<  8  )  fi«ld,a.r.c.-bigh 


r 


Aircraft:  DC-10 
Material:  ARC-HIgh 
Paraaeter:  8 
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Estimates  For  Tire  Contact  Pressure  Distributions 
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Aircraft:  DC-9-41 
Main  Gear: 

Type  of  Gear:  Twin 

Main  Gear  Dimension  (In.):  24 

Circular  Imprint,  Tire  Radius  (In.):  7.25 

Tire  Inflation  Pressure  (psl):  163 

Max  Load  Per  Tire  (IbxlO3  ):  26.9 


(Approximate) 

Tire  Contact 
Pressure 
Distribution: 


Finite  Element 
Node  Number: 


217.4 


180.2 

213.7 

162.1 

87.6 

1  2  3  4  5  6 


Aircraft:  DC-10-30  CF 
Main  Gear: 

Type  of  Gear:  Twin-Tandem 
Main  Gear  Dimension  (In.):  54x64 
Circular  Imprint,  Tire  Radius  (In.):  9.30 
Tire  Inflation  Pressure  (psl):  185 
Max  Load  Per  Tire  (IbxlO^  ):  50.3 


(Approximate) 

Tire  Contact 
Pressure 
Distribution: 


Finite  Element 
Node  Number: 


247.1 


Aircraft:  B-727-200 
Main  Gear: 

Type  of  Gear:  Twin 
Main  Gear  Dimension  (In.):  34 
Circular  Imprint,  Tire  Radius  (In.):  8.69 
Tire  Inflation  Pressure  (psl ) r  168 
Max  Load  Per  Tire  (IbxlO^):  39.9 


(Approximate) 

Tire  Contact 

Pressure 

Distribution: 


Finite  Element 
Node  Number: 


224.4 


186.0 

220.5 

167.3 

90.4 

1  2  3  4  5  6 


8.69  In. 
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Aircraft:  B-737-200C 
Main  Gear: 

Type  of  Gear:  Twin 
Main  Gear  Dimension  (In.):  30.5 
Circular  Imprint,  Tire  Radius  (In.):  7.45 
Tire  Inflation  Pressure  (psl):  148 
Max  Load  Per  Tire  (lbxlO3  ):  25.8 


(Approximate) 

Tire  Contact 

Pressure 

Distribution: 


Finite  Element 
Node  Number: 


197.4 


163.7 

194.1 

147.3 

79.5 

1  2  3  4  5  6 


7.45  In. 
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Aircraft:  B-757 
Main  Gear: 

Type  of  Gear:  Twin-Tandem 
Main  Gear  Dimension  (In.):  34x45 
Circular  Imprint,  Tire  Radius  (In.):  7.21 
Tire  Inflation  Pressure  (psl):  175 
Max  Load  Per  Tire  (lbxlO3  ):  28.6 


(Approximate) 

Tire  Contact 
Pressure 
Distribution: 


Finite  Element 
Node  Number: 


233.7 


193.8 

229.7 

174.3 

94.1 

1  2  3  4  5  6 


7.21  in. 
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APPENDIX  F 

Beam  Fatigue  Laboratory  Data  For  Asphalt 
Concrete  And-  Asphalt -Rubber  Concrete 
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APPENDIX  F.  BEAM  FATIGUE  DATA 


Asphalt -Rubber  Low  at  34°F 
Test  Date:  11-85 

Actual 

Predicted 

Beam 

Number 

E 

Modulus 

Bending 

Strain 

Cycles  to 
Failure 

Cycles  to 
Failure 

F19L 

589400 

.0001525 

604510 

542690 

F23L 

552600 

.0001627 

607140 

406520 

F24L 

982300 

.0001525 

1003590 

542690 

F26L 

468700 

.0006394 

4440 

890 

F27L 

1171700 

.0002557 

15490 

53670 

F28L 

901300 

.0003325 

12740 

16590 

F30L 

937400 

.0005115 

700 

2410 

Kj  *  4.466 

E-12  K2  *  4 

.476 

Correlation  Coefficient  R«-  .93 

Asphalt-Rubber  Low  at  68°F 

Test  Date:  7- 

85 

Actual 

Predicted 

Beam 

Number 

E 

Modulus 

Bending 

Strain 

Cycles  to 
Failure 

Cycles  tc 
Failure 

F8L 

1 24900 

.0007196 

9080 

9100 

F4L 

153300 

.0005864 

19950 

17400 

F1L 

146600 

.000613 

9410 

15120 

F3L 

150100 

.0003865 

139250 

65120 

F9L 

146500 

.0004092 

25730 

54330 

F2L 

136800 

.0004731 

54270 

34320 

F6L 

205000 

.0002339 

114670 

319190 

F7L 

144200 

.0003325 

163660 

104830 

F5L 

327400 

.000183 

1084220 

693430 

K]  *  1.026  E-6  K2  -  3. 

165 

Correlation  Coefficient 

R»-  .91 
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BEAM  FATIGUE  DATA 


Asphalt-Rubber  Low  at  104°F 
Test  Date:  9-85 


Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F10L 

26500 

.0018125 

2500 

5140 

FI  1 L 

13500 

.0026656 

1990 

1390 

F13L 

291000 

.0007996 

130370 

81950 

F14L 

44600 

.0005371 

211740 

314970 

F15L 

32100 

.0011195 

14380 

26250 

F17L 

28400 

.000144 

18530 

68250 

F20L 

15300 

.0023458 

2830 

2150 

F21L 

19700 

.0018125 

8870 

5140 

F22L 

241000 

.00143933 

4570 

11220 

F27L 

9800 

.0042628 

270 

280 

K]  *  2.718  E-6  K2  *  3.383 
Correlation  Coefficient  R=-  .95 


Asphalt-Rubber  Medium  at  34°F 


Test  Date:  11-85 


Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

FI  1M 

328200 

.0002029 

529760 

7882100 

F12M 

199500 

.0005565 

19320 

13450 

F15M 

398900 

.0002782 

211120 

220430 

F17M 

455900 

.0002434 

868600 

377810 

F21M 

389200 

.0005704 

24680 

12170 

F26M 

375900 

.0005906 

55590 

10580 

F24M 

409100 

.0005425 

168100 

14890 

F25M 

693800 

.0003199 

39760 

125420 

F28M 

5041000 

.0007033 

640 

5230 

Kl  =  9.913  E-10  <2  -  4.035 

Correlation  Coefficient  R«-  .85 
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BEAM  FATIGUE  DATA 


Asphalt-Rubber  Medium  at  68°F 
Test  Date:  6-85 


Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F8M 

221000 

.0030919 

680 

380 

FlM 

731000 

.0009002 

7340 

12460 

F5M 

39500 

.001688 

1780 

2110 

F9M 

46000 

.0010128 

8030 

8940 

F2M 

75800 

.0003515 

140350 

177110 

F7M 

145700 

.0001828 

1766120 

1121570 

F6M 

87600 

.0003547 

92720 

172630 

F4M 

67200 

.0003965 

130000 

126120 

F3M 

85100 

.000313 

449560 

245780 

Ki  *  3.156  E-5  K2  *  2.822 
Correlation  Coefficient  R=-  .98 


Asphalt-Rubber  Medium  at  104°F 
Test  Date:  9-85 


Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F10M 

35500 

.00225081 

4190 

4340 

F13M 

17100 

.0010406 

15460 

63010 

F14M 

14300 

.0018568 

13780 

8450 

F16M 

26300 

.0008437 

37990 

130440 

F18M 

18000 

.0009843 

413700 

76410 

F19M 

18900 

.001688 

6770 

11760 

F20M 

10500 

.0025322 

3070 

2880 

F22M 

22500 

.0007875 

358790 

165720 

F23M 

28200 

.0007875 

81470 

165720 

F25M 

26300 

.0008437 

327930 

130440 

Ki  *  2. 

823  E-6  K2  =  3. 

469 

Correlation  Coefficient 

Ra-  .85 
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BEAM  FATIGUE  DATA 


Asphalt-Rubber  High  at  34°F 


Test  Date:  12 

-85 

Actual 

Predicted 

Beam 

E 

Bending 

Cycles  to 

Cycles  to 

Number 

Modul us 

Strain 

Failure 

Failure 

FI  1 H 

585900 

.0008184 

240 

2740 

F14H 

585900 

.0005115 

1660 

12280 

F16H 

585900 

.0005115 

11900 

12280 

F17H 

701700 

.0002135 

85400 

199640 

F18H 

701700 

.0002135 

357970 

199640 

F21H 

294700 

.000305 

763400 

63940 

F23H 

208200 

.0014393 

1790 

450 

F25H 

293300 

.0012261 

1820 

750 

K]  -  3.824 

E-7  K2  - 

3.192 

Correlation  Coefficient  R»-  .81 

Asphalt-Rubber  High  at  68°F 

Test  Date:  7-i 

B5 

Actual 

Predicted 

Beam 

E 

Bending 

Cycles  to 

Cycles  to 

Number 

Modulus 

Strain 

Failure 

Failure 

F5H 

1 1 6000 

.0002295 

770870 

705580 

F2H 

1061000 

.0002573 

504090 

529050 

F9H 

73600 

.0003617 

267030 

224660 

F3H 

56400 

.0011812 

6430 

11430 

F8H 

184100 

.0003617 

139820 

224660 

F1H 

36300 

.0020819 

2130 

2755 

F6H 

35100 

.0025297 

1940 

1680 

F4H 

80800 

.0005495 

117700 

78420 

F7H 

166500 

.0003199 

342230 

305860 

F10H 

52200 

.0019131 

5210 

33100 

K]  -  4.895 

E-4  *2  » 

2.516 

Correlation  Coefficient  R*-  .98 
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BEAM  FATIGUE  DATA 


Asphalt-Rubber  High  at  104°F 
Test  Date:  10-85 


Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F12H 

21800 

.0016526 

22080 

16290 

F13H 

20400 

.0023456 

6760 

5800 

F15H 

16500 

.0021857 

5430 

7140 

F19H 

9400 

.005177 

510 

580 

F20H 

24600 

.0019458 

2450 

10060 

F22H 

15200 

.0015726 

11650 

18860 

F25H 

41000 

.005331 

620 

520 

F26H 

16500 

.0021857 

27220 

7140 

F27H 

15200 

.0010487 

111050 

62280 

F24H 

17300 

.001386 

21050 

27360 

Ki  -  1. 

020  E-4  K2  =  2.948 

Correlation  Coefficient  R= 

-  .90 

Asphalt  Concrete  Control  at  34°F 

Test  Date: 

12-85 

Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F20C 

435500 

.0008156 

470 

1490 

F21C 

638300 

.0003478 

97130 

17990 

F22C 

531900 

.0004173 

127640 

10560 

F23C 

569900 

.0001947 

469280 

97770 

F25C 

1314100 

.0002365 

6590 

55470 

F26C 

1489300 

.0002086 

15510 

79940 

F27C 

785600 

.0004521 

3700 

8360 

Ki  =  1.428  E-6  K2  *  2.920 
Correlation  Coefficient  R=-  .62 


BEAM  FATIGUE  DATA 


Asphalt  Concrete  Control  at  68°F 
Test  Date:  8-85 


Beam 

Number 

E 

Modul us 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F6C 

133900 

.0004476 

32530 

47350 

F9C 

170400 

.0002813 

710110 

417330 

F4C 

151200 

.0003964 

56200 

83630 

F5C 

187500 

.0003836 

181800 

97520 

F8C 

119700 

.000601 

9120 

11890 

F2C 

104200 

.0006906 

11100 

6200 

F7C 

117200 

.0005115 

17950 

25320 

F3C 

171500 

.0002796 

301300 

429280 

Ki  =  9.475  E-12  K2  *  4.687 
Correlation  Coefficient  R*-  .95 


Asphalt  Concrete  Control  at  104°F 
Test  Date:  10-85 


Beam 

Number 

E 

Modulus 

Bending 

Strain 

Actual 
Cycles  to 
Failure 

Predicted 
Cycles  to 
Failure 

F10C 

4500 

.0079965 

1080 

270 

F11C 

7000 

.0037946 

520 

1550 

F12C 

8200 

.0032325 

1050 

2260 

F13C 

7700 

.0023069 

6970 

49100 

F14C 

10900 

.0016317 

9940 

11270 

F16C 

7200 

.0024757 

3040 

4240 

F17C 

6600 

.003373 

16100 

2050 

F19C 

11700 

.0007593 

148900 

67940 

H 


H 


i 


K]  »  3.209  E3  K2  “  2.348 
Correlation  Coefficient  R«-  .89 
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APPENDIX  G.  ILL  I PAVE  DAMAGE  RESULTS,  WITH  DESCRIPTION  OF 
CALCULATIONS  FOR  COMBINED  TRAFFIC  DAMAGE 


The  printouts  In  this  Appendix  summarize  the  damage  results  of  the 
ILL I PAVE  analyses  performed  for  this  study.  There  are  16  printouts,  one 
for  each  combination  of  the  four  climatic  zones  and  the  four  materials 
tested.  Each  printout  shows  the  resulting  damage  when  each  plane  was 
considered  as  making  up  the  total  traffic  number,  and  the  resulting 
damage  after  the  combined  traffic  pattern  containing  five  aircraft  was 
accounted  for. 

Table  18  In  the  text  summarizes  the  numbers  of  aircraft  passes  per 
day  at  the  critical  point  In  the  pavement  for  each  aircraft  type  during 
each  year.  In  order  to  calculate  the  damage  due  to  the  combined  traffic, 
the  numbers  of  each  aircraft  had  to  be  made  cumulative  for  each  year. 
Then,  for  each  year,  the  percentage  of  the  total  cumulative  traffic  which 
each  aircraft  represented  was  calculated.  This  percentage  appears  in  the 
printouts  In  Column  A  labeled  "%  of  Total  Traffic".  The  traffic  data  in 
this  form  are  shown  In  the  table  preceding  the  damage  printouts. 

The  ILLIPAVE  program  calculated  the  damage  index  based  on  laboratory 
fatigue  conditions  and  the  rut  depth  which  could  be  expected  every  year 
if  all  of  the  traffic  had  been  made  up  of  the  same  aircraft.  These  are 
shown  in  the  printouts  In  Columns  B  and  D,  which  are  labeled  “Damage 
Index  -  Total"  and  "Rut  Depth  -  Total".  Multiplying  Column  A  times 
Column  B  gives  Column  C,  which  indicates  the  amount  of  damage  index, 
which  that  aircraft  contributed  in  that  year  to  the  combined  traffic 
damage  index.  Multiplying  Column  A  times  Column  D  gives  Column  E,  which 
indicates  the  amount  of  rut  depth  which  that  aircraft  contributes  in  that 
year  to  the  combined  traffic  rut  depth.  Summing  Column  C  for  each 
aircraft  for  any  year  and  dividing  by  13  gives  the  damage  index  due  to 
the  combined  traffic  for  that  year  and  adjusted  from  laboratory  to  field 
fatigue  conditions.  Summing  Column  E  for  each  aircraft  for  any  year 
gives  the  rut  depth  due  to  the  combined  traffic  for  that  year.  These 
sums  are  shown  on  the  second  page  of  each  printout  next  to  "All  Traffic". 
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Cumulative  Critical  Passes  Per  Day  of  Combined  Aircraft  Traffic 
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ZONE : 
MATERIAL 


Wat  Fraaz* 
AC-10  Control 


PLANE 
DC-  09 


DC- 10 


B-727 


A 

B 

c 

D 

E 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAP. 

total 

total** 

total 

total** 

1 

1  .000 

7.62E-02 

7.62E-02 

5. 49E-01 

5.49E-01 

2 

1.000 

1.45E -01 

1 . 45E-01 

6.22E-01 

6.22E-01 

3 

0.949 

1 . 95E-01 

1 .85E-01 

6.63E-01 

6.30E-01 

4 

0.848 

2.39E-01 

2.02E-01 

6.95E-01 

5.89E-01 

5 

0 . 754 

2.80E-01 

2. 11E -01 

7. 2 IE -01 

5.44E-01 

6 

0.635 

3.43E-01 

2.17E-01 

7.58E-01 

4. 8 it; -01 

7 

0.578 

3.83E-01 

2.21E--01 

7.80E-01 

4. 5 IE- 03 

8 

0.527 

4.29E  -01 

2.26E-01 

8.03E-01 

4. 23E -01 

9 

0.482 

4.80E-01 

2.31E-01 

8.27E -01 

3.99E-01 

10 

0.433 

5.51E-01 

2.39E-01 

8.58E-01 

3.72E-01 

11 

0.390 

6.35E-01 

2.48E-01 

8.92E-01 

3.48E-01 

12 

0 . 352 

7.32E-01 

2.58E-01 

9.28E-01 

3.27E-01 

13 

0.315 

8.57E-01 

2.70E-01 

9.70E-01 

3.06E-01 

17 

0 . 229 

1 .  41E+00 

3.23E-01 

1.12E+00 

2.57E-01 

20 

0.186 

1..86E+00 

3.46E-01 

1 . 22E+00 

2.27E-01 

*  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAP. 

total 

total** 

total 

total** 

1 

0 . 000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

0.00E+00 

O.OOE+OO 

3 

0.000 

O.OOE+OO 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

0.00E+00 

O.OOE+OO 

6 

0.000 

0.00E+00 

O.OOE+OO 

7 

0 . 000 

0.00EI00 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

0 . OOE+OO 

9 

0.000 

0.00E+00 

0.00E>00 

10 

0.000 

O.OOE+OO 

O.OOE+OO 

11 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

O.OOE+OO 

O.OOE+OO 

17 

0.001 

4.31E+00 

4.31E-03 

2.28E+00 

2.20E-03 

20 

0.006 

S.67E+00 

3.40E-02 

2.42E+00 

1.45E-02 

%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT. TRAP. 

total 

total** 

total 

totals* 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0 . 032 

3.57E-01 

1 . 14E-02 

8. 9 IE- 01 

2.85E-02 

4 

0.089 

4.37E-01 

3.89E-02 

9.33E-01 

8.30E-02 

5 

0.143 

5.12E-01 

7.32E-02 

V.68E-01 

1.38E-01 

6 

0.237 

6 . 27E-01 

1.49E-01 

1 .02E+00 

2.41E-01 

7 

0.281 

7.00f:  -  01 

1.971.-0.1 

1 . 04E+00 

2 . 93E--01 

8 

0.321 

7.84E--01 

2.52E-01 

1.  .08E+00 

3.45E-01 

9 

0 . 357 

8.78E-01 

3.13E-01 

1 .11E+00 

3 . 95E--01 

10 

0 . 395 

1.0 IE +00 

3.98E-01 

1.1 51- +00 

4 . 53E-01 

11 

0.429 

1 ..  16E+00 

4. 9 OE- 01 

1.19E+00 

5 . 1  IE -01 

12 

0 . 459 

1 .34E+00 

6. 15E-01 

1 . 24E+00 

5 . 69E-0 1 

13 

0.488 

1 . 57E+00 

7. 661: -01 

.1  . 29E+00 

6. 3.1  E -01 

17 

0.556 

2.58E>00 

1.44E+00 

1.49E+00 

8.30E- -01 

20 

0.586 

3.40E+00 

1 . 99E+00 

1.62E+00 

9.48E  01 

197 


PLANE 

B-737 


B -757 


All  Traf , 


A 

B 

c 

D  E 

%  of 

DAMAGE 

INDEX 

RUT  DEPTH 

YEAR 

TOT. TRAP 

.  total 

total** 

total  total** 

1 

0.000 

6.49E-02 

O.OOE+OO 

4.89E-01  O.OOE+OO 

2 

0.000 

1.23E-01 

O.OOE+OO 

5.52E-01  O.OOE+OO 

3 

0.019 

1.66E-01 

3.15E-03 

5.88E-01  1.12E-02 

4 

0.063 

2.03E-01 

1.28E-02 

6.16E-01  3.88E-02 

5 

0.103 

2.38E-01 

2.45E02 

6.39E-01  6.58E-02 

6 

0.128 

2.91E-01 

3.73E-02 

6.71E-01  8.59E-02 

7 

0.141 

3.25E- 01 

4.59E02 

6 . 90E--01  9.72E-02 

8 

0.152 

3.65E-01 

5.54E-02 

7.10E-01  1.08E-0) 

V 

0.  161 

4.08E  -01 

6.57E-02 

7.31E-01  1.18E-0I 

10 

0.172 

4.69E-01 

8.07E-02 

7.59E-01  1. 311—03 

U 

0.181 

5.40E-01 

9.78E  02 

7.89E  01  1.43E01 

12 

0.189 

6.23E-01 

1.18E  -01 

8. 21E-01  1.55E-01 

13 

0.197 

7.29E-01 

1.44E  01 

0.581  ol  1.69E-01 

17 

0.213 

1 . 20E.+00 

2.5AE-01 

9.94E-01  2.12E-01 

20 

0.217 

1.58E+00 

3.43E-01 

1.08E+00  2.35E-01 

%  of 

DAMAGE 

INDEX 

RUT  DEPTH 

YEAR 

TOT. TRAP. 

total 

tot.  a  1*7. 

total  total** 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0 . 000 

0.00E+00 

O.OOE+OO 

3 

0.000 

0.00E+00 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

0.00E+00 

O.OOE+OO 

6 

0.000 

0.00E+00 

O.OOE+OO 

7 

0.000 

0.00E+00 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

0.00E+00 

O.OOE+OO 

10 

0.000 

0.00E+00 

O.OOE+OO 

11 

0 . 000 

0.00E+00 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

33 

0.000 

O.OOE+OO 

O.OOE+OO 

17 

0.001 

1.67E+00 

1.67E-03 

1.26E+00  1.26E-03 

20 

0.005 

2.20E+00 

1.10E--02 

1.36E+00  6.80E-03 

7.  of 

DAMAGE 

INDEX 

RUT  DEPTH 

YEAR 

TOT. TRAP. 

tot.**/ 13 

total** 

1  1.000 

5.86E-03 

5.49E-01 

1  1 . 000 

1.12E-02 

6.22E-03 

v 

5  1.000 

1.54E-02 

6.69E-01 

4  1.000 

3 . 95E-02 

7.  HE  01 

5  1.000 

2 . 38E  02 

7.48E-01 

i 

>  3.000 

3. 10E -02 

8.08E-01 

7  1.000 

3.57E02 

8 . 4 IE -01 

8  3 . 000 

4.10E-02 

8.76E01 

S 

>  1.000 

4 . 70E-02 

9.1 IE-01 

10  1.000 

5.52E-02 

9.55E-01 

13 

1.000 

6.49E02 

l.OOE+OO 

i; 

!  1.000 

7.62E  -02 

1 .05E+00 

n 

1  1.000 

9.07E  02 

1.11E+00 

17  1.000 

1.56E-01 

1.30E+00 

20  1.000 

2.10E  01 

1.43E+00 

y*t  Fpmz* 
RL 


PLANE 

DC-09 


DC  10 


B-727 


YEAR 

*  of 

TOT. TRAP 

1 

1.000 

2 

1.000 

3 

0.949 

4 

0.848 

5 

0.754 

A 

0.A35 

7 

0.578 

8 

0.527 

9 

0.482 

10 

0.433 

11 

0.390 

12 

0.352 

13 

0.315 

17 

0.229 

20 

0.18A 

YEAR 

X  of 

TOT. TRAP 

1 

0.000 

2 

0.000 

3 

0.000 

4 

0.000 

5 

0.000 

A 

0.000 

7 

0.000 

8 

0.000 

9 

0.000 

10 

0.000 

11 

0.000 

12 

0.000 

13 

0.000 

17 

0.001 

20 

O.OOA 

1 

X  of 

TOT. TRAP 
0.000 

2 

0.000 

3 

0.032 

4 

0.089 

$ 

0.143 

A 

0.237 

7 

0.281 

8 

0.321 

9 

0.357 

10 

0 . 395 

11 

0.429 

12 

0.459 

13 

0.488 

17 

0.S5A 

20 

0.58  A 

DAMAGE  INDEX 
.  total  total** 
2.02E-02  2. 02E-02 
3.84E-02  3.84E-02 
5.17E-02  4 .90E -02 
6 . 33E  02  S.37E-02 
7.42E02  5.A0E-02 
9.08E-02  5.7AE-02 
1.01E-01  5.8&E-02 
1.14E-01  5.99E-02 
1.27E-01  A.13E-02 
1.4AE-01  A.33E-02 
1.A8E-01  A.5AE-02 
1.94E--01  6.83E-02 
2.27E-01  7.1AE-02 
3.74E-01  8.57E-02 
4.93E-01  9.1AE-02 
DAMAGE  INDEX 
total  total** 

1 . 12E-01  O.OOE+OO 
2.14E01  O.OOE+OO 
2.87E-01  O.OOE+OO 
3.52E-01  0.00E+00 
4.13E  01  O.OOE+OO 
5.05E-01  O.OOE+OO 
5.A4E01  O.OOE+OO 
A.32E-01  0.00E+00 
7.07E-01  O.OOE+OO 
8.12E01  0.00E+00 
9.35E-01  O.OOE+OO 
1.08E+00  O.OOE+OO 
1.26E+00  O.OOE+OO 
2.08E+00  2.08E-03 
2.74E+00  1.A4E-02 
DAMAGE  INDEX 


total 

total** 

4.97E-02 

O.OOE+OO 

9.45E-02 

O.OOE+OO 

1.27E-01 

4.0AE-03 

1.5AE-01 

1.3SE-02 

1.82E-01 

2.A1E-02 

2.23E-01 

5.29E-02 

2.49E--01 

7.00E-02 

2.79E01 

8.97E-02 

3.13E-01 

1.12E-01 

3.59E-01 

1.42E-01 

4.14E-01 

1 . 77E-01 

4 . 77E-01 

2.19E-01 

5.59E-01 

2.73E-01 

9.20E-01 

5.12E-01 

1.21E+00 

7.10E01 

RUT 

DEPTH 

tota  l 

total** 

1.0AE-01 

1.0AE-01 

l.AAE-01 

l.AAE  -01 

2. 02F..-01 

1.91E-01 

2.  JOE  -01 

1.95E-01 

2.54E-01 

1.92E-01 

2.88E-01 

1.83E  -01 

3.08E-01 

1.78E-01 

3.30E-01 

1.74E  01 

3.52E-01 

1.70E-01 

3.82E-01 

1.A5E-01 

4.15E-01 

1.A2E-01 

4.50E-01 

1.58E-01 

4.91E-01 

1.55E-01 

A.43E-01 

1.47E-01 

7.42E-01 

1.38E-01 

RUT 

DEPTH 

total 

total** 

2.11E-01 

O.OOE+OO 

3.22E-01 

O.OOE+OO 

3.87E-01 

O.OOE+OO 

4.39E-01 

O.OOE+OO 

4.83E-01 

O.OOE+OO 

5.44E-01 

O.OOE+OO 

5.80E-01 

O.OOE+OO 

A.20E-01 

O.OOE+OO 

A.A1E -01 

O.OOE+OO 

7.14E-01 

O.OOE+OO 

7.72E-01 

O.OOE+OO 

8.35E-01 

O.OOE+OO 

9.09E-01 

O.OOE+OO 

1.18E+00 

1.18E-03 

1.35E+00 

8.09E-03 

RUT 

DEPTH 

total 

total** 

1.39E-01 

O.OOE+OO 

2.1AE-01 

O.OOE+OO 

2.A2E-01 

8.37E-03 

2.97E-01 

2.A5E-02 

3.28E-01 

4.A9E-02 

3.71E  01 

8.79E  -02 

3.9AE-01 

1.1 IE-01 

4.24E-01 

1.3AE -01 

4.53E-01 

1.A2E-01 

4.90E-01 

1.94E-01 

5.31E-01 

2.28E-01 

5.75E  01 

2.A4E  01 

A.27E-01 

3.0AE-01 

8.18E01 

4.55E-01 

9.41E-01 

5.51E-01 

PLANE 

B-737 


B-757 


AU  Traf 


YEAR 

1 

2 

3 

A 

3 

6 

7 

8 
V 

10 

11 

12 

13 

17 

20 


YEAR 

1 

2 

3 

A 

5 

6 

7 

8 
9 

10 

11 

12 

13 

17 

20 


YEAR 


X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT. TRAF. 

total 

total** 

total 

total** 

0.000 

1.A0E-02 

O.OOE+OO 

9.22E-02 

O.OOE+OO 

0.000 

2.67E-02 

O.OOE+OO 

1 . A5E-01 

O.OOE+OO 

0.019 

3.59E-02 

A.82E-0A 

1.77E-01 

3.3AE  03 

0.063 

A.AOE  -02 

2.77E-03 

2.01E -01 

1.27E  02 

0.103 

5.16E  02 

5. 31 E  03 

2.23E  01 

2.30E  02 

0.128 

6.31E 02 

8.07E-03 

2.53E-01 

3.2AE  02 

0.1A1 

7.0AE  02 

9.93L03 

2.7th  01 

3.82fc:  02 

0.3  52 

7.89E-02 

1.20E-02 

2.90E-01 

A.A1E  02 

0.161 

8.8AE-02 

1.A2E  -02 

3. 11E- 01 

3.00E-02 

0.3  72 

1. 0211-01 

1.75E02 

3.37E-01 

5.80E  -02 

0.181 

i .  i/e  "Oi 

2.12E -02 

3.A6E  0.1. 

6.A3E-02 

0.189 

1.35E-01 

2.55E-02 

3.97E-01 

7.51E  -02 

0.197 

1.58E  01 

3.  HE  02 

A.35E  01 

8.56E  02 

0.213 

2 . 60E-01 

5.5AE-02 

5. 71E-01 

1.22E-01 

0.217 

3.A2E  01 

7.A3E  02 

6.59E-01 

1 . A3E-01 

X  of 

DAMAGE 

INDEX 

RUl 

DEPTH 

TOT. TRAP . 

total 

total** 

tot  a  1 

total** 

0.000 

3.  HE  02 

0.00E+00 

1.83E-01 

O.OOE+OO 

0.000 

5.92E-02 

0.00E+00 

2.59E-01 

O.OOE+OO 

0.000 

7.9AE-02 

0.00E+00 

3.03E-01 

O.OOE+OO 

0.000 

9.75E-02 

O.OOE+OO 

3.37E-01 

O.OOE+OO 

0.000 

1.1AE-01 

O.OOE+OO 

3.A7E01 

O.OOE+OO 

0.000 

1.A0E-01 

O.OOE+OO 

A.07E-01 

O.OOE+OO 

0.000 

1.56E-01 

O.OOE+OO 

A.31E-01 

O.OOE+OO 

0.000 

1.73E-01 

O.OOE+OO 

A.57E-01 

O.OOE+OO 

0.000 

1.9AE-01 

O.OOE+OO 

A.8AE-01 

O.OOE+OO 

0.000 

2.25E-01 

O.OOE+OO 

5.19E  01 

O.OOE+OO 

0.000 

2.59E-01 

O.OOE+OO 

5.57E-01 

O.OOE+OO 

0.000 

2.99E- 01 

O.OOE+OO 

5.98E-01 

O.OOE+OO 

0.000 

3.50E-01 

O.OOE+OO 

6.A6E-01 

O.OOE+OO 

0.001 

S.77E-01 

S.77E-0A 

8.21E-01 

8.21E-0A 

0.005 

7.59E--01 

3 . 79E-03 

9.33E -01 

A.6AE-03 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT. TRAF. 

tot . *%/13 

total** 

1 

1.000 

1.55E-03 

1.06E-01 

2 

1.000 

2.9&E-03 

3 .6AE  -01 

3 

1.000 

A. 1AE-03 

2.03E-01 

A 

3 . 000 

5.A0E-03 

2.3AE-01 

5 

1.000 

6.72E-03 

2.A1E-01 

6 

3. .  000 

9.12E--03 

3.03E-01 

7 

1.000 

1.07E- -02 

3 . 2/E-0 l 

8 

1.000 

1.2AE-02 

3.5AE-01 

9 

1 . 000 

l.AAE-02 

3.81E-01 

10 

1.000 

1.7 IE- 02 

A .  3.  7E-01 

11 

1.000 

2.03E  -02 

A.5AE--01 

12 

1.000 

2.A1E02 

A . 97E-01 

13 

1.000 

2.89E-02 

5.AAE-01 

17 

1.000 

5.0AE-02 

7 . 26E-01 

20 

1.000 

6.89E-02 

8.A5E-01 

ZONE*  W*t  Fr««z* 
*ATERIAL«RM 


PLANE 

DC-09 


DC  10 


YEAR 


YEAR 

1 

2 

3 


Z  of 

TO r.! RAF 
1.000 
1.000 
0.949 
0.840 
0.754 
0.635 
0.578 
0.527 
0.482 
0.433 
0.390 
0.352 
0.315 
0.229 
0.186 
X  of 

TOT. TRAP 
0.000 
0.000 
0.000 
0.000 
0 . 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 000 
0.00J 
0.006 
X  of 

I  o  r . FRAF 
0.000 
0.000 
0.032 
0.089 
0.143 
0.237 
0.281 
0.321 
0 . 357 
0 . 395 
0.429 
0.459 
0.488 
0.556 
0.586 


DAMAGE 
.  total 
1.18E-02 
2.24E  02 
3.01E-02 
3.69E-02 
4.32E -02 
5.29E-02 
5.91E-02 
6.62E-02 
7. 4 IE-02 
8. 5 IE -02 
9.81E-02 
1.13E-01 
1.32E-01 
2. 18E-01 
2.87E- 01 
DAMAGE 
.  total 
5.53E-02 
1.05E- 01 
1.42E-01 
1.73E-01 
2. 031.' -01 
2.49E-01 
2.78E  -01 
3. 1 IE-01 
3.48E-01 
4.00E-01 
4. 61 E  01 
S.32E-01 
6.22E-01 
1.02E+00 
1.35E+00 
DAMAGE 
.  total 
2.59E-02 
4.92E-02 
6.62E-02 
8 . 10E-02 
9.50E-02 
1.16E-01 
1.30E-01 
1.46E-01 
1.63E-01 
1.87E -01 
2.16E-01 
2.49E-01 
2.91E-01 
4.79E-01 
6.31E-01 


INDEX 
total*X 
1.18E-02 
2.24E-02 
2.86E-02 
3.13E  02 
3 . 26E-02 
3.36E-02 
3.41E-02 
3.49E-02 
3.57E-02 
3.69E-02 
3.82E-02 
3.98E-02 
4.17E -02 
4 . 99E-02 
5.34E-02 
INDEX 
totat*X 
O.OOE+OO 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
1.02E  03 
8.09E-03 
INDEX 
total*X 
O.OOE+OO 
O.OOE+OO 
2.12E-03 
7.21E-03 
1.36E-02 
2.75E-02 
3.65E-02 
4.67E -02 
5.82E-02 
7 . 39E -02 
9 . 24E-02 
1.14E -01 
1.42E-01 
2.67E-01 
3.70E-01 


RUT 
tota  l 
1.03E-01 
1.60E-01 
1.94E-01 
2. 2 IE  01 
2.44E--01 
2.76E  01 
2.95E-01 
3.16E-01 
3.38E  01 
3.66E-01 
3.96E  01 
4.29E-01 
4.68E-01 
6 . 10E -01 
7.01E-01 
RUT 
total 
1.82E-01 
2.60E-01 
3. 17E-01 
3.55E-01 
3.87E  -01 
4.31E-01 
4.57E-01 
4.85E-01 
5.14E-01 
5.51E-01 
5. VIE  01 
6.34E-01 
6.84E-01 
8.63E-01 
9.75E-01 
RUT 
total. 
1.41E-01 
2.17E  01 
2.62E-01 
2.97E-01 
3.28E  01 
3.69E-01 
3.94E-01 
4.21E-01 
4 . 49E-01 
4.86E-01 
5.26E-  01 
5.68E-01 
6.18E-01 
8.01E-01 
9.19E-01 


DEPTH 
total*% 
1.03E-01 
1.60E  01 
1.84E-01 
1.88E01 
1.84E-01 
1.75E-0J, 
1.71E-01 
1.66E-01 
1.63E-01 
1.58E-01 
1.55E-01 
1.5 IE- 01 
1.47E-01 
1.40E-01 
1.30E-01 
DEPTH 
total*X 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
8.63E-04 
5.85E  03 
DEPTH 
total*X 
O.OOc+OO 
O.OOE+OO 
8.39E-03 
2.65E-02 
4.68E-02 
8.75E  02 
1.11E-01 
1.35E  -01 
1.60E-01 
1 . 92E-01 
2.25E-01 
2.61E  01 
3.02E-01 
4.46E  01 
5.38E -01 


PLANE 

B-73  7 


B-757 


All  Traf. 


X  of 

PARADE 

INDEX 

.  RUT 

DEPTH 

YEAN 

TOT.TNAF. 

total 

total «Z 

total 

totaUX 

1 

0.000 

8.29E-03 

0.00E+00 

9. 17E-02 

O.OOE+OO 

2 

0.000 

1.58E-02 

G.00E+00 

1.43E-01 

O.OOE+OO 

3 

0.019 

2. 12E-02 

4.03E-04 

1.74E-01 

3.30E-03 

4 

0.063 

2.A0E-02 

1.64E-03 

1.98E-01 

1.25E-02 

5 

0.103 

3.05E-02 

3. 14E-03 

2.18E-01 

2 . 25E-02 

6 

0.128 

3.72E-02 

4.77E-03 

2.47E-01 

3. 16E-02 

7 

0.141 

4.16E  02 

5.86E-03 

2.64E-01 

3.73E02 

0 

0.152 

4.66E  02 

7.09E-03 

2.83E-01 

4.30E  -02 

9 

0.161 

5.22E--02 

8.40E- 03 

3.02E-01 

4.87E-02 

10 

0.172 

5.99E-02 

1.03E-02 

3.28E-01 

5.63E-02 

11 

0.181 

6.91E  -02 

1.25E- -02 

3.55E-01 

6.43E-02 

12 

0.189 

7.97E-02 

1.51E02 

3.85E-01 

7.27E02 

13 

0.197 

9.32E  02 

1.84E  02 

4.20E-01 

8.27E-02 

17 

0.213 

1 . 54E-01 

3.27E--02 

5.48E-01 

1.17E-01 

20 

0.21/ 

2.02E-01 

4.39E-02 

6.30E-01 

1.37E-01 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT . TRAF . 

total 

total** 

total 

total** 

1 

0.000 

1 . 41E-02 

O.OOE+OO 

1.52E-01 

O.OOE+OO 

2 

0.000 

2.68E-02 

O.OOE+OO 

2.06E-01 

O.OOE+OO 

3 

0.000 

3.61E-02 

0.00E+00 

2.37E-01 

O.OOE+OO 

4 

0.000 

4.42E-02 

0.00E+00 

2.A1E-01 

O.OOE+OO 

5 

0.000 

5.1 BE -02 

0.00E+00 

2.82E-01 

O.OOE+OO 

6 

0.000 

6.34E-02 

O.OOE+OO 

3.10E  -01 

O.OOE+OO 

7 

0.000 

7.08E-02 

O.OOE+OO 

3.27E-01 

O.OOE+OO 

8 

0.000 

7.94E-02 

O.OOE+OO 

3.45E-01 

O.OOE+OO 

9 

0.000 

8.89E-02 

O.OOE+OO 

3.63E--01 

O.OOE+OO 

10 

0.000 

1 . 02E-01 

O.OOE+OO 

3.87E-01 

O.OOE+OO 

11 

0.000 

1.18E-01 

O.OOE+OO 

4.13E-01 

O.OOE+OO 

12 

0.000 

1 . 36E-01 

O.OOE+OO 

4.41E-01 

O.OOE+OO 

13 

0.000 

1.59E-01 

O.OOE+OO 

4.73E-01 

O.OOE+OO 

17 

0.001 

2.A2E-01 

2.62E-04 

5.90E-01 

5.90E-04 

20 

0.005 

3.44E-01 

1.72E-03 

6.63E-01 

3.32E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT . TRAF . 

tot.**/ 13 

total** 

1 

1.000 

9.06E-04 

1.03E-01 

2 

1.000 

1 . 72E-03 

1 .60E-01 

3 

1.000 

2.39E-03 

1.96E-01 

4 

1.000 

3.09E-03 

2.26E-01 

5 

1.000 

3./9E-03 

2.54E  -01 

6 

1.000 

5.07E-03 

2.95E--01 

7 

1 .000 

5.88E-03 

3.19E-01 

8 

1 . 000 

6.82E-03 

3.45F.-01 

9 

1.000 

7.87E-03 

3.72E-01 

10 

1.000 

9. 31 E -03 

4.07E-01 

11 

1.000 

1.10E-02 

4.44E-01 

12 

1.000 

1 . 30E-02 

4.8SE-01 

13 

1.000 

1.55E  02 

5.32E01 

17 

1.000 

2.70E-02 

7.03E-01 

20 

1.000 

3.67E-02 

8.15E-01 
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ZONE*  U«t  Fre«az* 
MATERIAL  * RH 


PLANE 

DC-09 


DC-10 


B-727 


%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT . TRAP . 

total 

total** 

to  t  a  1 

total** 

1 

1.000 

1.33E-02 

1 . 33E- 02 

1.24E-01 

1.24E-01 

2 

1.000 

2.53E-02 

2.53E-02 

1.89E  01 

1 . 89E-01 

3 

0.949 

3.40E-02 

3.23E-02 

2.27E-01 

2.16E-01 

4 

0.848 

4.17E-02 

3.53E02 

2.57E-01 

2. 18E  -01 

0.754 

4.89E-02 

3.68E-02 

2.82E-01 

2. 12E-01 

6 

0 . 635 

5.98E  -02 

3.79E-02 

3. 16E-01 

2.01E-01 

7 

0.578 

6 . 67E-02 

3.86E-02 

3.36E-01 

1.94E-01 

8 

0.527 

7 . 48E-02 

3.94E-02 

3.58E  -01 

1.89E  01 

9 

0.482 

8. 37E--02 

4. 04E--02 

3.81E-01 

1.84E-01 

10 

0.433 

9 . 62E--02 

4.16E  -02 

4.1 IE  01 

1.78E--01 

11 

0.390 

1.11E-01 

4.32E  02 

4.43E-01 

1 . 73E-01 

12 

0 . 352 

1.28E-01 

4.50E-02 

4.78E-01 

1.68E-01 

13 

0.315 

1.50E-01 

4. 7 IE -02 

5 . 18E-01 

1.63E -01 

17 

0 . 229 

2.46E-01 

5.64E-02 

6.65E-01 

1.52E-01 

20 

0.186 

3.24E-01 

6.03E-02 

7.59E-01 

1.41E-01 

%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAP. 

total. 

total** 

total 

total *% 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.000 

0 . 00E+00 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0 . 000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

O.OOE+OO 

O.OOE+OO 

7 

0 . 000 

O.OOE+OO 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0 . 000 

O.OOE+OO 

O.OOE+OO 

10 

0.000 

O.OOE+OO 

O.OOE+OO 

11 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0 . 000 

O.OOE+OO 

O.OOE+OO 

13 

0,000 

O.OOE+OO 

O.OOE+OO 

17 

0.001 

9.58E-01 

9.58E-04 

1.05E+00 

1 . 05E-03 

20 

0.006 

l.26E>00 

7.57E-03 

1. .  17E+00 

7.04E-03 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT . IRAK . 

total 

total:*:/. 

total 

total** 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

0.00b +00 

3 

0 . 032 

9.57E- 02 

3.06E-03 

2..96E-01 

9.46E-03 

4 

0 . 089 

1.17E-01 

1.04E-02 

3.33E--01 

2.97E  02 

5 

0.143 

1 .37E-01 

1.961:  -02 

3.66E-0.1 

5 . 23E-02 

6 

0.237 

1 .681-01 

3.98E-02 

4.10E-01 

9. 7  IE- 02 

7 

0.281 

1.88E-01 

5.27E-02 

4.36E  01 

1 .23E  01 

8 

0.321 

2.10E- 01 

6.75E-02 

4.64E-01 

1.49b -01 

V 

0.357 

2.36E  01 

8.41E-02 

4.94E-01 

1.76E-01 

10 

0.395 

2.70E-01 

1.07E-01 

5 . 32E--01 

2.10E  01 

11 

0.429 

3 . 1 2E-01 

1.34E-01 

5.73E-01 

2.46E--01 

12 

0 . 459 

3.59E-01 

1.65E  01 

6.1 BE -01 

2.84E-01 

13 

0.488 

4.21E01 

2.05E-01 

6.70E-01 

3 . 27E-01 

17 

0.556 

6.93E  -01 

3.85E  -01 

8.58E-01 

4.7/E  01 

20 

0.586 

9. 12E-01 

5.34E-01 

9.78E-01 

5./3E-01 

I 


PLANE 

8-737 


8- 757 


ALL  Tr  af . 


X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total** 

total 

total** 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.019 

2.94E-02 

5.59E-04 

2.04E-01 

3.88E-03 

A 

0.063 

3.60E-02 

2.27E-03 

2.30E-01 

1.45E-02 

5 

0.103 

4.23E-02 

4.35E-03 

2.53E-01 

2.A0E  02 

6 

0.128 

5.17E  02 

6.62E-03 

2.83E-01 

3 . 63E--02 

7 

0.141 

5./7E- 02 

8.  J.4E--03 

3.02E  01 

4..25E  02 

8 

0.152 

6.47E  02 

9.84E-03 

3.21E-01 

4.88E  02 

9 

0.161 

7.25E-02 

1.17E-02 

3.42E-01 

5 . 50E-02 

10 

0.172 

8.32E  02 

1.43E-02 

3.68E-01 

6.33E-02 

11 

0.181 

9.59E  -02 

1.74E-02 

3.9/E  01 

7 .  J.8E-02 

12 

0.189 

1.1  IK  -01 

2.09E-02 

4.28E-01 

8.08E-02 

13 

0.197 

1.30E01 

2 . 551-1-02 

4.64E  01 

9. 1.41.:  02 

17 

0.213 

2 . 13L--01 

4.54E-02 

5.95E-01 

1.27E-01 

20 

0.217 

2. 81 E- 01 

6..09E-02 

6.79E-01 

1.4/E  01 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT .  TRAI-  . 

to  t  a  l 

total** 

tot  a  1. 

total** 

1 

0.000 

0.00E+00 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.000 

O.OOE+OO 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

O.OOE+OO 

O.OOE+OO 

7 

0.000 

O.OOE+OO 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

O.OOE+OO 

O.OOE+OO 

10 

0.000 

O.OOE+OO 

O.OOE+OO 

11 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

O.OOE+OO 

O.OOE+OO 

17 

0.001 

3.44E-01 

3.44E-04 

9.47E-01 

9.47E  -04 

20 

0.005 

4.53E-  0.1. 

2.26E-03 

1.03E+00 

5.14E-03 

%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

tot. *%/13 

total** 

1 

1.000 

1.02E03 

1.24E-01 

2 

1.000 

1.95E-03 

1.89E -01 

3 

1.000 

2.76E  -03 

2.29E-01 

A 

1.000 

3.69E03 

2.62E-01 

5 

1.000 

4.68E-03 

2.91E  01 

6 

1.000 

6.49E-03 

3 . 34E-01 

7 

1.000 

7.65E-03 

3.59E01 

8 

1 . 000 

8.98E-03 

3.87E-01 

9 

1.000 

1.05E-02 

4.15E-01 

10 

1.000 

1.25E-02 

4. 51 E -01 

11 

1.000 

1 . 49E  v  02 

4.91E  -01 

12 

1.000 

1.78E-02 

5 . 32E-01 

13 

1.000 

2.14E  02 

3.81E01 

17 

1.000 

3.76E-02 

7.58E-01 

20 

1.000 

5.12E-02 

8.74E-  01 
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ZONEt  Dry  Freeze 
MATERIAL* AC- 10  Control 


PLANE 

DC-09 


DC- 10 


B-727 


A 

B 

c 

D 

E 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total 

total 

total  %V. 

1 

1.000 

5.26E-02 

5.26E-02 

5.38E-01 

5.38E-01 

2 

1 . 000 

1.00E-01 

1.00E-01 

6.07E-01 

6.07E-01 

3 

0.949 

1.35E-01 

1.28E-01 

6.46E-01 

6. 13E-01 

4 

0.848 

1.65E-01 

1.40E-01 

6. 76E-01 

5.74E-01 

5 

0.754 

1.93E-01 

1.46E-01 

7.02E-01 

5. 30E-01 

6 

0.635 

2.36E-01 

1.50E-01 

7.38E-01 

4.69E-01 

7 

0.578 

2.64E-01 

1 .53E-01 

7.59E-01 

4.39E-01 

a 

0.527 

2. 96E-01 

1.56E-01 

7.81E-01 

4. 12E-01 

9 

0.  482 

3. 3 IE-01 

1 .60E-01 

8. 05E-01 

3.88E-01 

10 

0.  433 

3.80E-01 

1 . 65E-01 

8.36E-01 

3.62E-01 

l  i 

0 .  390 

4.38E-01 

1.71E-01 

8.69E-01 

3. 39E-01 

12 

0.  352 

5. 05E-01 

1. 78E-01 

9.03E-01 

3.  19E--01 

13 

0.  315 

5.92E-01 

1 .86E-01 

9.47E-01 

2.98E-01 

17 

0.  229 

9. 75E-01 

2.23E-01 

1. 10E+00 

2.52E-01 

20 

0.  186 

1 . 28E+00 

2.38E-01 

1.20E+00 

2.23E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.  000 

0. OOE+OO 

0.00E+00 

0 .  000 

O.OOE+OO 

O.OOE+OO 

-r 

0.  000 

0.00E+00 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

0.00E+00 

3 

0.000 

O.OOE+OO 

0. 00E+00 

6 

0.000 

0.00E+00 

0.00E+00 

7 

0.000 

O.OOE+OO 

0. 00E+00 

8 

0.000 

O.OOE+OO 

0.00E+00 

9 

0.000 

0. OOE+OO 

O.OOE+OO 

10 

0.000 

O.OOE+OO 

0. OOE+OO 

1 1 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

0.00E+00 

O.OOE+OO 

13 

0.  000 

0. 00E+00 

0. OOE+OO 

17 

0.001 

3.42E+00 

3. 42E-03 

2.31E+00 

2.31E-03 

20 

0.006 

4.51E+00 

2. 70E-02 

2. 46E+00 

1 . 48E-02 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT. TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0 . 000 

O.OOE+OO 

0 . OOE+OO 

3 

0.032 

2.80E-01 

8.96E-03 

8.68E-01 

2.78E-02 

4 

0.089 

3.43E-01 

3.05E-02 

9.09E-01 

8.09E-02 

3 

0.  143 

4.02E-01 

5.75E-02 

9.43E-01 

1.35E-01 

6 

0.237 

4.92E-01 

1. 17E-01 

9.90E-01 

2.35E-01 

7 

0.281 

5. 49E-01 

1.54E-01 

1 . 02E+00 

2.86E-01 

8 

0.  321 

6. 16E-01 

1 .98E-01 

1 . 05E+00 

3. 36E-01 

9 

0.  357 

6. 89E-01 

2.46E-01 

1 . 08E+00 

3.85E-01 

10 

0.395 

7.92E-01 

3. 13E-01 

1 . 1 2E+00 

4.42E-01 

1 1 

0.429 

9. 12E-01 

3.91E-01 

1 . 16E+00 

4.99E-01 

12 

0.  459 

1 . 05E+00 

4.83E-01 

1.21E+00 

5.55E-01 

13 

0.488 

1 . 23E+00 

6.01E-01 

1 . 27E+00 

6. 18E-01 

17 

0. 556 

2.03E+00 

1. 13E+00 

1 . 47E+00 

8. 16E-01 

20 

0.586 

2.67E+00 

1 . 56E+00 

1 . 60E+00 

9.35E-01 
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was 


PLANE 

B-737 


All  Traf. 


A 

B 

c 

D 

E 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  tV. 

total 

total  *7. 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.  000 

0 . OOE+OO 

O.OOE+OO 

3 

0.019 

1 . 15E-01 

2. 18E-03 

5.75E-01 

1 . 09E-02 

4 

0.  063 

1.40E-01 

8. S3E-03 

6.01E-01 

3. 79E-02 

5 

0.  103 

1 . 64E-0 1 

1.69E-02 

6.24E-01 

6.43E-02 

6 

0.  128 

2.01E-01 

2.57E-02 

6.55E-01 

8.39E-02 

7 

0.  141 

2. 25E-01 

3. 17E-02 

6.74E-01 

9.50E-02 

8 

0.  152 

2.52E-01 

3.83E-02 

6.94E-01 

1.05E-01 

9 

0.  161 

2.82E-01 

4.54E-02 

7. 14E-01 

1. 15E-01 

10 

0.  172 

3.24E-01 

5. 57E-02 

7. 42E-01 

1.28E-01 

11 

0.  181 

3.73E-01 

6.75E-02 

7.71E-01 

1.40E-01 

12 

0.  189 

4. 30E-01. 

8. 13E-02 

8.03E-01 

1 .52E-01 

13 

0.  197 

5.03E-01 

9. 92E-02 

8.40E-01 

1 .66E-01 

17 

0.213 

B.29E-01 

1.77E-01 

9.77E-01 

2.08E-01 

20 

0.217 

1 . 09E+00 

2.37E-01 

1 . 06E+00 

2.31E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.  000 

O.OOE+OO 

O.OOE+OO 

2 

0 . 000 

O.OOE+OO 

O.OOE+OO 

-r 

0.  000 

0. OOE+OO 

O.OOE+OO 

4 

0 . 000 

O.OOE+OO 

O.OOE+OO 

5 

0.  000 

0 . OOE+OO 

0 . OOE+OO 

6 

0.000 

0. OOE+OO 

O.OOE+OO 

7 

0.  000 

0. OOE+OO 

O.OOE+OO 

8 

0.000 

0 . OOE+OO 

O.OOE+OO 

9 

0 . 000 

0 . OOE+OO 

0. OOE+OO 

10 

0.000 

0 . OOE+OO 

0 . OOE+OO 

11 

0.  000 

0. OOE+OO 

O.OOE+OO 

12 

0.000 

0 . OOE+OO 

O.OOE+OO 

13 

0.  000 

0. OOE+OO 

O.OOE+OO 

17 

0.001 

1. 16E+00 

1 . 16E-03 

1 . 37E+00 

1 . 37E-03 

20 

0.005 

1 . 53E+00 

7.64E-03 

1 . 48E+00 

7.42E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAF. 

tot.  *7./ 13 

total  *7. 

1 

1 . 000 

4. 05E-03 

5.38E-01 

2 

1 . 000 

7.69E-03 

6.07E-01 

3 

1 . 000 

1 . 07E-02 

6.52E-01 

4 

1 . 000 

1 . 38E-02 

6.92E-01 

5 

1 . 000 

1 . 69E-02 

7.29E-01 

6 

1 . 000 

2. 25E-02 

7.87E-01 

7 

1 . 000 

2.60E-02 

8. 20E-01 

8 

1 . 000 

3.01E-02 

B.54E-01 

9 

1 . 000 

3. 47E-02 

8.88E-01 

10 

1 . 000 

4. 10E-02 

9. 31E-01 

1 1 

1 . 000 

4.84E-02 

' 

9.77E-01 

12 

1 . 000 

5.71E-02 

1 . 03E+00 

13 

1 . 000 

6.82E-02 

l.OSE+OO 

17 

1 . 000 

1 . 18E-01 

1 . 28E+00 

20 

1 . 000 

1 . 60E-01 

1 .41E+00 

206 


ZONEs  Dry  Freeze 
MATERIAL! RL 


PLANE 

DC-09 


DC- 10 


B-727 


7.  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

'EAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  $7. 

1 

1.000 

2.22E-02 

2.22E-02 

1.05E-01 

1.05E-01 

9 

1 . 000 

4.22E-02 

4.22E-02 

1.62E-01 

1.62E-01 

3 

0.949 

5.67E-02 

5.38E-02 

1.96E-01 

1.86E-01 

4 

0.  848 

6.95E-02 

5.89E-02 

2.22E-01 

1.B9E-01 

5 

0.754 

8. 15E-02 

6. 14E-02 

2.45E-01 

1.85E-01 

6 

0.635 

9.96E-02 

6.33E-02 

2.77E-01 

1.76E-01 

7 

0.578 

1. 11E-01 

6.43E-02 

2.96E-01 

1 . 7 IE— 01 

e 

0.527 

1.25E-01 

6.57E-02 

3. 17E-01 

1.67E-01 

9 

0.  482 

1 . 40E-01 

6. 73E-02 

3.38E-01 

1.63E-01 

10 

0.433 

1.60E-01 

6.95E-02 

3.66E-01 

1.58E-01 

11 

0.  390 

1.85E-01 

7.20E-02 

3.96E-01 

1.55E-01 

12 

0 . 352 

2. 13E-01 

7 . 50E-02 

4.29E-01 

1.51E-01 

13 

0.315 

2.50E-01 

7.86E-02 

4.68E-01 

1.47E-01 

17 

0.229 

4. 11E-01 

9.41E-02 

6.09E-01 

1.39E-01 

20 

0.  186 

5.41E-01 

1.01E-01 

7.00E-01 

1.30E-01 

7.  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

'EAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  %'/. 

1 

0.000 

0.00E+00 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.  000 

0. OOE+OO 

0. OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

uJ 

0 . 000 

0. OOE+OO 

0 . OOE+OO 

6 

0.  000 

0. OOE+OO 

O.OOE+OO 

7 

0 . 000 

0.00E+00 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.  000 

0 . OOE+OO 

O.OOE+OO 

10 

0.  000 

O.OOE+OO 

O.OOE+OO 

1  1 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

0.00E+00 

0. OOE+OO 

13 

0.000 

0.00E+00 

O.OOE+OO 

17 

0.001 

1.92E+00 

1 . 92E-03 

8. 15E-01 

8. 15E-04 

20 

0.006 

2.53E+00 

1 . 52E-02 

9.23E-01 

5.54E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT.TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.000 

0.00E+00 

O.OOE+OO 

2 

0.000 

0. OOE+OO 

O.OOE+OO 

T 

0.032 

1. 15E-01 

3.68E-03 

2.50E-01 

8.00E-03 

4 

0.089 

1.41E-01 

1.25E-02 

2.84E-01 

2.52E-02 

5 

0.  143 

1 .65E-01 

2.36E-02 

3. 13E-01 

4.47E-02 

6 

0.237 

2.02E-01 

4. 79E-02 

3. 53E-01 

8. 37E-02 

7 

0.  281 

2. 26E-01 

6.34E-02 

3.77E-01 

1.06E-01 

8 

0.  321 

2.53E-01 

8. 12E-02 

4.03E-01 

1.29E-01 

9 

0.357 

2 . 83E-01 

1 .01E-01 

4.29E-01 

1.53E-01 

10 

0.  395 

3.25E-01 

1 . 29E-01 

4.65E-01 

1.84E-01 

1  1 

0.429 

3.75E-01 

1.61E-01 

5.03E-01 

2. 16E-01 

12 

0.  459 

4.32E-01 

1.98E-01 

5.45E-01 

2.50E-01 

13 

0.488 

5.06E-01 

2.47E-01 

5.93E-01 

2.89E-01 

17 

0.556 

8. 34E-01 

4. 64E-01 

7.70E-01 

4.28E-01 

20 

0.586 

1 . 10E+00 

6.43E-01 

S.84E-01 

5. 18E-01 
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PLANE 

B-737 


B-757 


All  Tra-f 


ZONE:  Dry  Freeze 
MATERIAL: RM 


PLANE 

DC-09 


DC- 10 


B-727 


7.  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

fEAR 

TOT.TRAF. 

total 

total  #7. 

total 

total t’/. 

1 

1.000 

7.99E-03 

7.99E-03 

9.94E-02 

9.94E-02 

2 

1 . 000 

1 . 52E-02 

1 . 52E-02 

1.55E-01 

1.55E-01 

3 

0.949 

2.04E-02 

1.94E-02 

1.88E-01 

1.79E-01 

4 

0.848 

2.50E-02 

2. 12E-02 

2. 14E-01 

1.82E-01 

5 

0.  754 

2.93E-02 

2.21E-02 

2.37E-01 

1 .78E-01 

6 

0.635 

3.59E-02 

2. 28E-02 

2.68E-01 

1.70E-01 

7 

0.578 

4.01E-02 

2.32E-02 

2.86E-01 

1.65E-01 

8 

0.527 

4.49E-02 

2.37E-02 

3.06E-01 

1.61E-01 

9 

0.  482 

5.03E-02 

2.42E-02 

3.27E-01 

1 . 58E->-01 

10 

0.  433 

5. 78E-02 

2.50E-02 

3.55E-01 

1.53E-01 

11 

0.  390 

6. 65E-02 

2.59E-02 

3.84E-01 

1.50E-01 

12 

0.352 

7.67E-02 

2.70E-02 

4. 16E-01 

1.47E-01 

13 

0.  315 

8.98E-02 

2.83E-02 

4.54E-01 

1.43E-01 

17 

0.  229 

1.48E-01 

3.39E-02 

5.92E-01 

1.36E-01 

20 

0.  186 

1.95E-01 

3.62E-02 

6. 8 IE— 01 

1.27E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

'EAR 

TOT.TRAF. 

total 

total  #7. 

total 

total  *7. 

1 

0 . 000 

0 . OOE+OO 

O.OOE+OO 

n 

jL 

0.000 

0.00E+00 

0. OOE+OO 

3 

0.  000 

0. 00E+00 

0. OOE+OO 

4 

0 .  000 

O.OOE+OO 

0 . OOE+OO 

5 

0.  000 

0. OOE+OO 

0. OOE+OO 

6 

0.000 

O.OOE+OO 

0. OOE+OO 

7 

0.  000 

0 . 00E+00 

O.OOE+OO 

8 

0.  000 

O.OOE+OO 

O.OOE+OO 

9 

0.  000 

O.OOE+OO 

O.OOE+OO 

10 

0 . 000 

0.00E+00 

O.OOE+OO 

11 

0 . 000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

0. 00E+00 

O.OOE+OO 

13 

0.000 

0. 00E+00 

0. OOE+OO 

17 

0.001 

7.03E-01 

7.03E-04 

8.45E-01 

8.45E-04 

20 

0 . 006 

9. 26E-01 

5. 55E— 03 

9.55E-01 

5.73E-03 

7.  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT. TRAF. 

total 

total  *7. 

total 

total  tV. 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

0 . 000 

0. 00E+00 

O.OOE+OO 

“T 

0.  032 

5. 49E-02 

1 . 76E-03 

2.54E-01 

8. 14E-03 

4 

0.089 

6. 72E-02 

5.9SE-03 

2. B9E-01 

2.57E-02 

5 

0.  143 

7.89E-02 

1. 13E-02 

3. 18E-01 

4.55E-02 

6 

0.237 

9.65E-02 

2.29E-02 

3.59E-01 

8.50E-02 

7 

0.281 

1.08E-01 

3.03E-02 

3.83E-01 

1.08E-01 

8 

0.  321 

1 . 21E-01 

3.B8E-02 

4.09E-01 

1.31 E— 0 1 

9 

0.357 

1.35E-01 

4.83E-02 

4.37E-01 

1 .56E-01 

10 

0 .  395 

1.55E-01 

6. 13E-02 

4.72E-01 

1 .86E-01 

1  1 

0.  429 

1.79E-01 

7.67E-02 

5.  1  IE-01 

2. 19E-01 

12 

0.  459 

2.06E-01 

9. 47E-02 

5.52E-01 

2.54E-01 

13 

0.  488 

2. 42E-01 

1. 18E-01 

6.0 IE-  01 

2.93E-01 

17 

0.  556 

3.9BE-01 

2. 21E-01 

7.B0E-01 

4. 33E-01 

20 

0.586 

5.24E-01 

3.07E-01 

8.94E-01 

5.24E-01 

PLANE 

B-737 


B-757 


All  Traf, 


7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  $7. 

1 

0.000 

O.OOE+OO 

0.00E+00 

2 

0.000 

O.OOE+OO 

0. OOE+OO 

3 

0.019 

1 . 98E-02 

3.77E-04 

1.68E-01 

3. 19E-03 

4 

0.063 

2.43E-02 

1 . 53E-03 

1.91E-01 

1 . 20E-02 

5 

0.  103 

2.85E-02 

2.93E-03 

2. 1  IE-01 

2. 17E-02 

6 

0.  128 

3. 49E-02 

4.46E-03 

2.38E-01 

3.05E-02 

7 

0.  141 

3.89E-02 

5. 49E-03 

2.55E-01 

3.59E-02 

8 

0.  152 

4.36E-02 

6.63E-03 

2.73E-01 

4. 14E-02 

9 

0.  161 

4.88E-02 

7.86E-03 

2.91E-01 

4.69E-02 

10 

0.  172 

3.61E-02 

9.65E-03 

3. 16E-01 

5. 43E-02 

11 

0.  181 

6.46E-02 

1. 17E-02 

3.42E-01 

6. 19E-02 

12 

0.  189 

7.45E-02 

1.41E-02 

3.71E-01 

7.00E-02 

13 

0.  197 

8. 73E-02 

1.72E-02 

4.04E-01 

7.96E-02 

17 

0.213 

1.44E-01 

3.06E-02 

5.27E-01 

1. 12E-01 

20 

0.217 

1.89E-01 

4. 10E-02 

6.07E-01 

1.32E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  t7. 

total 

total  %'/. 

1 

0.000 

0.00E+00 

O.OOE+OO 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.  000 

O.OOE+OO 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

0 . OOE+OO 

O.OOE+OO 

6 

0.000 

O.OOE+OO 

O.OOE+OO 

7 

0.  000 

0 . OOE+OO 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

O.OOE+OO 

O.OOE+OO 

10 

0.000 

0.00E+00 

O.OOE+OO 

11 

0 . 000 

O.OOE+OO 

0 . OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

0.00E+00 

0. OOE+OO 

17 

0.001 

2.04E-01 

2.04E-04 

5.68E-01 

5.68E-04 

20 

0.005 

2.69E-01 

1 . 34E-03 

6. 39E-01 

3. 19E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

tot.  *7./ 13 

total  *7. 

1 

1.000 

6. 14E-04 

9.94E-02 

2 

1 . 000 

1. 17E-03 

1.55E-01 

T 

1 . 000 

1 . 66E-03 

1.90E-01 

4 

1 . 000 

2.21E-03 

2. 19E-01 

5 

1.000 

2.79E-03 

2.46E-01 

6 

1 . 000 

3. 85E-03 

2.86E-01 

7 

1 . 000 

4. 53E-03 

3.09E-01 

8 

1 . 000 

5. 3 IE-03 

3.34E-01 

9 

1 . 000 

6. 18E-03 

3.60E-01 

10 

1 . 000 

7.38E-03 

3.94E-01 

1 1 

.1 . 000 

8. 80E-03 

4. 3 IE-01 

12 

1.000 

1 . 04E-02 

4. 70E-01 

13 

1 . 000 

1 . 26E-02 

5. 1 6E-01 

17 

1 . 000 

2.20E-02 

6.83E-01 

20 

1.000 

3.01E-02 

7.91E-01 

ZONE:  Drv  Freeze 
MATERIAL: RH 


PLANE 
DC -09 


DC- 10 


B-727 


•/.  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  <7. 

total 

total  *7. 

1 

1 . 000 

1. 15E-02 

1. 15E-02 

1. 12E-01 

1. 12E-01 

2 

1 . 000 

2. 19E-02 

2. 19E-02 

1.72E-01 

1.72E-01 

3 

0.949 

2.95E-02 

2.80E-02 

2.08E-01 

1.97E-01 

4 

0.848 

3.61E-02 

3.06E-02 

2.35E-01 

1.99E-01 

5 

0.754 

4.24E-02 

3.  19E-02 

2.59E-01 

1.95E-01 

6 

0.635 

5. 18E-02 

3.29E-02 

2.92E-01 

1.B5E-01 

7 

0.578 

5. 79E-02 

3.34E-02 

3. 1  IE-01 

1.80E-01 

8 

0.  527 

6.49E-02 

3.42E-02 

3. 32E-01 

1 . 75E-01 

9 

0.  482 

7. 26E-02 

3.50E-02 

3. 54E--01 

1.70E-01 

10 

0.  433 

8.  34E--02 

3. 6 IE— 02 

3.82E-01 

1.65E-01 

11 

0  „  390 

9.61E-02 

3.75E-02 

4. 13E-01 

1.61E-01 

12 

0  „  352 

1. 1 IE— 01 

3.90E-02 

4.46E-01 

1 .57E-01 

13 

0.  315 

1 . 30E-01 

4. 09E—02 

4.85E-01 

1.53E-01 

17 

0.  229 

2. 14E-01 

4 „ 99E-02 

6. 26E-01 

1.43E-01 

20 

0.  186 

2.81 E— 0 l 

5„ 23E-02 

7..  17E--01 

1 .33E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  t‘/. 

total 

total  *7. 

1 

0.  000 

0. 00E+00 

0. OOE+OO 

o 

0.  000 

0. 00E+00 

0. OOE+OO 

•r 

0.  000 

0. OOE+OO 

0. OOE+OO 

4 

0.000 

0. 00E+00 

0. OOE+OO 

5 

0 . 000 

0 . 00E+00 

0. OOE+OO 

6 

0.  000 

0. 00E+00 

0. OOE+OO 

7 

0 ..  000 

0. 00E+00 

0. OOE+OO 

8 

0.000 

0. 00E+00 

0. OOE+OO 

9 

0.000 

0. 00E+00 

0. OOE+OO 

10 

0.000 

0. OOE+OO 

0. OOE+OO 

1 1 

0.000 

0. OOE+OO 

0. OOE+OO 

12 

0.  000 

0. OOE+OO 

0. OOE+OO 

13 

0.000 

0. OOE+OO 

0. OOE+OO 

17 

0.  001 

9.97E-01 

9.97E-04 

9.72E-01 

9.72E-04 

20 

0.006 

1.31E+00 

7.87E-03 

1 . 09E+00 

6.54E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT.TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.000 

0. OOE+OO 

0. OOE+OO 

2 

0 . 000 

0. OOE+OO 

0. OOE+OO 

T 

0.032 

8.20E-02 

2.62E-03 

2.78E-01 

8.89E-03 

4 

0.089 

1.00E-01 

8.93E-03 

3. 14E-01 

2.79E-02 

5 

0.  143 

1. 18E-01 

1.68E-02 

3.45E-01 

4.93E-02 

6 

0.237 

1.44E-01 

3.41E-02 

3.88E-01 

9. 19E-02 

7 

0.281 

1.61E-01 

4.52E-02 

4. 13E-01 

1. 16E-01 

8 

0.321 

1 .80E-01 

5.78E-02 

4.40E-01 

1.41E-01 

9 

0.357 

2.02E-01 

7.20^-02 

4.69E-01 

1.67E-01 

10 

0.395 

2.32E-01 

9. 15E-02 

5.06E-01 

2.00E-01 

11 

0.  429 

2.67E-01 

1. 15E-01 

5.46E-01 

2.34E-01 

12 

0.  459 

3.08E-01 

1.41E-01 

5.89E-01 

2.70E-01 

13 

0.  488 

3.60E-01 

1.76E-01 

6.39E-01 

3. 12E-01 

17 

0.  556 

3.94E-01 

3.30E-01 

B.23E-01 

4.57E-01 

20 

0.586 

7.81E-01 

4.58E-01 

9.40E-01 

5.51E-01 
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B-757 


All  Tra-f. 


7.  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total *% 

total 

total *% 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.  000 

0. OOE+OO 

0. OOE+OO 

3 

0.019 

2.94E-02 

5.59E-04 

1.92E-01 

3.65E-03 

4 

0.063 

3.60E-02 

2.27E-03 

2. 17E-01 

1 . 37E-02 

5 

0.  103 

4.23E-02 

4.35E-03 

2.38E-01 

2. 45E-02 

6 

0.  128 

5. 17E-02 

6.62E-03 

2.67E-01 

3.42E-02 

7 

0.  141 

5.77E-02 

8. 14E-03 

2.84E-01 

4.01E-02 

8 

0.  152 

6.47E-02 

9.84E-03 

3.03E-01 

4.60E-02 

9 

0.  161 

7.24E-02 

1. 17E-02 

3.22E-01 

5. 19E-02 

10 

0.  172 

8.32E-02 

1 . 43E-02 

3.48E-01 

5.98E-02 

11 

0.  181 

9.58E-02 

1.73E-02 

3.75E-01 

6.79E-02 

12 

0.  189 

1. 11E-01 

2. 09E-02 

4.05E-01 

7.65E-02 

13 

0.  197 

1.29E-01 

2.55E-02 

4.40E-01 

8.66E-02 

17 

0.213 

2. 1 3E-01 

4.54E-02 

5.67E-01 

1.21E-01 

20 

0.217 

2.81E-01 

6.09E-02 

6.48E-01 

1.41E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  #7. 

total 

total  *7. 

1 

0.  000 

0 . 00E+00 

O.OOE+OO 

2 

0.000 

0. OOE+OO 

O.OOE+OO 

3 

0.000 

O.OOE+OO 

O.OOE+OO 

4 

0.  000 

O.OOE+OO 

O.OOE+OO 

5 

0 . 000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

0. OOE+OO 

O.OOE+OO 

7 

0.000 

0.00E+00 

O.OOE+OO 

8 

0.  000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

0. OOE+OO 

O.OOE+OO 

10 

0.  000 

O.OOE+OO 

0. OOE+OO 

1 1 

0.  000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

O.OOE+OO 

0. OOE+OO 

17 

0.  001 

2.91E-01 

2.91E-04 

9. 1  IE-01 

9. 11E-04 

20 

0.005 

3. 82E-01 

1 . 9 IE— 03 

9.89E-01 

4.95E-03 

7.  o*  DAMAGE  INDEX  RUT  DEPTH 


YEAR 

TOT.TRAF. 

tot.  *7./ 13 

total  *7. 

1 

1 . 000 

8.87E-04 

1. 12E-01 

2 

1 . 000 

1 . 69E-03 

1 . 72E-01 

-T 

•«» 

1.000 

2.40E-03 

2. 10E-01 

4 

1 . 000 

3. 22E-03 

2.41E-01 

5 

1.000 

4.09E-03 

2.69E-01 

6 

1 . 000 

5.66E-03 

3.  1 1E--01 

7 

1 . 000 

6.67E-03 

3.36E-01 

8 

1 . 000 

7.84E-03 

3.62E-01 

9 

1 . 000 

9. 13E-03 

3.90E-01 

10 

1 . 000 

1 . 09E-02 

4.25E-01 

11 

1.000 

1.30E-02 

4.63E-01 

12 

1 . 000 

1 . 55E--02 

5.04E-01 

13 

1 . 000 

1 . 86E-02 

5.51E-01 

17 

1 . 000 

3.27E-02 

7.23E-01 

20 

1.000 

4.47E-02 

8.36E-01 
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ZONE i  Wet -No  Freeze 
MATERIAL! ASPHALT  CONCRETE  CONTROL 

ABC  D  E 

%  of  DAMAGE  INDEX  RUT  DEPTH 

PLANE  YEAR  TOT.TRAF.  total  total *X  total  total *X 

DC-09  1  1.000  2.41E-01  2.41E-01  1.61E+01  1.61E+01 

2  1.000  4.5BE-01  4.SBE-01  2.25E+01  2.25E+01 

3  0.949  6.15E-01  5.84E-01  2.58E+01  2.45E+01 

4  0.848  7.53E-01  6.39E-01  2.82E+01  2.39E+01 

5  0.754  8.84E-01  6.66E-01  3.01E+01  2.27E+01 

6  0.635  1.08E+00  6.86E-01  3.26E+01  2.07E+01 

7  0.570  1.21E+00  6.9BE-01  3.40E+01  1.97E+01 

B  0.527  1.35E+00  7. 13E-01  3.55E+01  1.87E+01 

9  0.482  1.52E+00  7.30E-01  3.69E+01  1.78E+01 

10  0.433  1 . 74E+00  7.53E-01  3.B8E+01  1.68E+01 

11  0.390  2. OOE+OO  7.82E-01  4.07E+01  1.59E+01 

12  0.352  2.31E+00  8. 13E-01  4.26E+01  1.50E+01 

13  0.315  2.71E+00  8.52E-01  4.48E+01  1.41E+01 

17  0.229  4.46E+00  1.02E+00  5.21E+01  1.19E+01 

20  0.186  3.87E+00  1.09E+00  5.63E+01  1.05E+01 


*/.  oi 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.000 

0.00E+00 

O.OOE+OO 

2 

0.000 

0.00E+00 

O.OOE+OO 

3 

0.000 

0.00E+00 

O.OOE+OO 

4 

0.000 

0.00E+00 

O.OOE+OO 

5 

0.000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

0.00E+00 

O.OOE+OO 

7 

0.000 

O.OOE+OO 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

O.OOE+OO 

O.OOE+OO 

10 

0.000 

O.OOE+OO 

O.OOE+OO 

11 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

O.OOE+OO 

O.OOE+OO 

17 

0.001 

1.79E+01 

1 . 79E-02 

1 . 88E+02 

1.88E-01 

20 

0.006 

2.36E+01 

1 . 4 IE— 01 

2.03E+02 

1 . 22E+00 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT.TRAF. 

total 

total *X 

total 

total  *7. 

1 

0.000 

O.OOE+OO 

0. OOE+OO 

2 

0.000 

O.OOE+OO 

0. OOE+OO 

3 

0.032 

1.50E+00 

4.81E-02 

3.42E+01 

1 . 09E+00 

4 

0.089 

1.84E+00 

1.64E-01 

3.73E+01 

3.32E+00 

5 

0.  143 

2. 16E+00 

3.08E-01 

3.98E+01 

5.69E+00 

6 

0.237 

2.64E+00 

6.25E-01 

4.30E+01 

1.02E+01 

7 

0.281 

2.95E+00 

8.28E-01 

4.49E+01 

1.26E+01 

8 

0.321 

3. 30E+00 

1 . 06E+00 

4.68E+01 

1.50E+01 

9 

0.357 

3.70E+00 

1.32E+00 

4.87E+01 

1.74E+01 

10 

0.393 

4.25E+00 

1 . 68E+00 

5. 1 1E+01 

2.02E+01 

11 

0.429 

4.89E+00 

2. 10E+00 

5.36E+01 

2.30E+01 

12 

0.459 

5.64E+00 

2.59E+00 

5.61E+01 

2.57E+01 

13 

0.488 

6.60E+00 

3.22E+00 

5.90E+01 

2.88E+01 

17 

0.556 

1.09E+01 

6.05E+00 

6.87E+01 

3.82E+01 

20 

0.586 

1.43E+01 

8.39E+00 

7.38E+01 

4.33E+01 

A 

B 

c 

D 

E 

*/.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

PLANE 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  tV. 

B-737 

1 

0.000 

0.00E+00 

0. OOE+OO 

2 

0.000 

0. OOE+OO 

0. OOE+OO 

3 

0.019 

5.24E-01 

9.95E-03 

2.20E+01 

4. 18E-01 

4 

0.063 

6.41E-01 

4.04E-02 

2.40E+01 

1.51 E+00 

5 

0.  103 

7.52E-01 

7. 74E-02 

2.56E+01 

2.63E+00 

6 

0.  128 

9. 19E-01 

1. 18E-01 

2.76E+01 

3.54E+00 

7 

0.  141 

1 . 03E+00 

1.45E-01 

2.88E+01 

4.06E+00 

8 

0.  152 

1. 15E+00 

1.75E-01 

3.00E+01 

4.56E+00 

9 

0.  161 

1 . 29E+00 

2.08E-01 

3. 12E+01 

5.03E+00 

10 

0.  172 

1 . 48E+00 

2.55E-01 

3.27E+01 

5.63E+00 

11 

0.  181 

1.71E+00 

3.09E-01 

4.33E+01 

7.84E+00 

12 

0.  189 

1 . 97E+00 

3.72E-01 

3.59E+01 

6.78E+00 

13 

0.  197 

2.30E+00 

4.53E-01 

3.77E+01 

7.42E+00 

17 

0.213 

3.79E+00 

8.08E-01 

4.36E+01 

9.29E+00 

20 

0.217 

4.99E+00 

1 . 08E+00 

4.70E+01 

1.02E+01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  V/. 

total 

total  tV. 

B-757 

1 

0.000 

0. OOE+OO 

0. OOE+OO 

2 

0.000 

0. 00E+00 

0. OOE+OO 

3 

0 . 000 

0. OOE+OO 

O. OOE+OO 

4 

0.000 

0. OOE+OO 

0. OOE+OO 

5 

0.000 

0. OOE+OO 

0. OOE+OO 

6 

0.000 

0. OOE+OO 

0. OOE+OO 

7 

0.000 

0. OOE+OO 

0. OOE+OO 

8 

0.000 

0. OOE+OO 

0. OOE+OO 

9 

0.000 

0. OOE+OO 

0. OOE+OO 

10 

0.000 

0. OOE+OO 

0. OOE+OO 

11 

0.000 

0. OOE+OO 

0. OOE+OO 

12 

0.000 

0. OOE+OO 

0. OOE+OO 

13 

0.  000 

0. OOE+OO 

0. OOE+OO 

17 

0.001 

5.23E+00 

5.23E-03 

3.31E+01 

3.31E-02 

20 

0.005 

6.88E+00 

3.44E-02 

3.63E+01 

1.81E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAF. 

i 

tot.  *7./13 

total  tV. 

All  Traf. 

1 

1.000 

1 . 85E-02 

1.61E+01 

2 

1.000 

3.52E-02 

2.25E+01 

3 

1.000 

4.94E-02 

2.60E+01 

4 

1 . 000 

6.48E-02 

2.87E+01 

5 

1.000 

8. 09E-02 

3.  10E+01 

6 

1.000 

1. 10E-01 

3.44E+01 

7 

1 . 000 

1.28E-01 

3.63E+01 

8 

1.000 

1.50E-01 

3. S3E+01 

9 

1 . 000 

1.74E-01 

4.02E+01 

10 

1.000 

2.07E-01 

4.26E+01 

11 

1.000 

2.45E-01 

4.67E+01 

12 

1 . 000 

2.90E-01 

4.75E+01 

13 

1.000 

3.48E-01 

5.03E+01 

17 

1.000 

6.08E-01 

5.96E+01 

20 

1.000 

8.26E-01 

6.53E+01 
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ZONE i  Wet -No  Fraaza 
MATERIAL 1A8PHALT  RUBBER  LOW 


PLANE 

DC-09 


DC- 10 


B-727 


%  O-f 

DAMA6E 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total** 

total 

total** 

1 

1.000 

4.68E-02 

4.68E-02 

1.64E-01 

1.64E-01 

2 

1.000 

8.90E-02 

8.90E-02 

2.42E-01 

2.42E-01 

3 

0.949 

1.20E-01 

1. 14E-01 

2.87E-01 

2.72E-01 

4 

0.848 

1.47E-01 

1.24E-01 

3.22E-01 

2.73E-01 

3 

0.754 

1.72E-01 

1.30E-01 

3.51E-01 

2.65E-01 

6 

0.635 

2. 10E-01 

1.33E-01 

3.92E-01 

2.49E-01 

7 

0.578 

2.35E-01 

1.36E-01 

4. 16E-01 

2. 4 IE— 01 

8 

0.527 

2.63E-01 

1.39E-01 

4.43E-01 

2.33E-01 

9 

0.482 

2.95E-01 

1.42E-01 

4.70E-01 

2.26E-01 

10 

0.433 

3.39E-01 

1.47E-01 

5.05E-01 

2. 19£-01 

11 

0.390 

3.90E-01 

1.52E-01 

5. 44E-01 

2. 12E-01 

12 

0.352 

4.49E-01 

1.58E-01 

5. BSE— 01 

2.06E-01 

13 

0.315 

5.26E-01 

1.66E-01 

6.33E-01 

2.00E-01 

17 

0.229 

8.67E-01 

1.98E-01 

8. 10E-01 

1.85E-01 

20 

0.  186 

1. 14E+00 

2. 12E-01 

9.23E-01 

1.72E-01 

*/  o-f 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total*-/. 

total 

total*’/ 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.000 

O.OOE+OO 

O.OOE+OO 

4 

0.000 

0. OOE+OO 

O.OOE+OO 

3 

0.000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

O.OOE+OO 

O.OOE+OO 

7 

0.  000 

0.00E+00 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

O.OOE+OO 

O.OOE+OO 

lO 

0.000 

O.OOE+OO 

O.OOE+OO 

11 

0.000 

0.00E+00 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

0. OOE+OO 

0. OOE+OO 

17 

0.001 

3.83E+00 

3.83E-03 

1 . 28E+00 

1 . 28E-03 

20 

0.006 

5.04E+00 

3. 03E-02 

1 . 43E+00 

B.60E-03 

7.  oi 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT.TRAF. 

total 

total  *-/. 

total 

total  ** 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

0. OOE+OO 

O.OOE+OO 

3 

0.032 

2.64E-01 

8.46E-03 

3.63E-01 

1. 16E-02 

4 

0.089 

3.24E-01 

2.88E-02 

4.07E-01 

3.62E-02 

5 

0.  143 

3.80E-01 

5.43E-02 

4.45E-01 

6.36E-02 

6 

0.237 

4.64E-01 

1. 10E-01 

4.97E-01 

1. 18E-01 

7 

0.281 

5. 19E-01 

1 .46E-01 

5.27E-01 

1.48E-01 

8 

0.321 

5.81E-01 

1.B7E-01 

5.60E-01 

1.80E-01 

9 

0.357 

6.51E-01 

2.32E-01 

5.95E-01 

2. 12E-01 

10 

0.395 

7.47E-01 

2.95E-01 

6.39E-01 

2.53E-01 

11 

0.  429 

8.61E-01 

3.69E-01 

6.88E-01 

2.95E-01 

12 

0.459 

9.93E-01 

4.56E-01 

7.40E-01 

3.40E-01 

13 

0.488 

1 . 16E+00 

5.68E-01 

8.01E-01 

3.91E-01 

17 

0.  556 

1 . 92E+00 

1 . 06E+00 

1 . 02E+00 

5.69E-01 

20 

0.586 

2.52E+00 

1 . 48E+00 

1. 17E+00 

6.84E-01 

PLANE 

B-737 


B-7S7 


X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TDT.TRAF. 

total 

total**/. 

total 

total  *7. 

1 

0.  000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

0 .  OOE+OO 

O.OOE+OO 

3 

0.019 

8.61E-02 

1 . 63E-03 

2.45E-01 

4.66E-03 

4 

0.063 

1.05E-01 

6.64E-03 

2.76E-01 

1 . 74E-02 

5 

0.  103 

1.24E-01 

1.27E-02 

3.03E-01 

3. 12E-02 

6 

0.  128 

1.51E-01 

1 . 93E-02 

3.39E-01 

4.34E-02 

7 

0.  141 

1.69E-01 

2.38E-02 

3. 6 IE— 01 

5.09E-02 

8 

0.  152 

1.89E-01 

2.88E-02 

3.84E-01 

5.84E-02 

9 

0.  161 

2. 12E-01 

3.41E-02 

4.09E-01 

6.58E-02 

10 

0.  172 

2.43E-01 

4. 18E-02 

4.40E-01 

7.57E-02 

11 

0.  181 

2.80E-01 

5.07E-02 

4.75E-01 

8.59E-02- 

12 

0.  189 

3.23E-01 

6. 11E-02 

5. 12E-01 

9.67E-02 

13 

0.  197 

3.78E-01 

7.45E-02 

5.55E-01 

1.09E-01 

17 

0.213 

6.23E-01 

1.33E-01 

7. 14E-01 

1.52E-01 

20 

0.217 

8.20E-01 

1.78E-01 

8. 16E-01 

1.77E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  %'/. 

total 

total  *7. 

1 

0.000 

O.OOE+OO 

0.00E+00 

2 

0.000 

0. OOE+OO 

0.00E+00 

3 

0.000 

0. OOE+OO 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

O.OOE+OO 

O.OOE+OO 

7 

0.000 

O.OOE+OO 

O.OOE+OO 

8 

0.  000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

0. OOE+OO 

O.OOE+OO 

10 

0.000 

O.OOE+OO 

O.OOE+OO 

11 

0.000 

0. OOE+OO 

0. OOE+OO 

12 

0.  000 

O.OOE+OO 

O.OOE+OO 

13 

0.000 

0. OOE+OO 

O.OOE+OO 

17 

0.001 

1.03E+00 

1 . 03E-03 

1 . 05E+00 

1 . 05E-03 

20 

0.005 

1 . 35E+00 

6. 77E-03 

1. 19E+00 

5.96E-03 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

tot.  **/./13 

total  *7. 

1 

1.000 

3.60E-03 

1.64E-01 

2 

1 . 000 

6.84E-03 

2.42E-01 

3 

1.000 

9.51E-03 

2.88E-01 

4 

1 . 000 

1 . 23E-02 

3.26E-01 

5 

1.000 

1.51E-02 

3. 60E-01 

6 

1.000 

2.02E-02 

4. 10E-01 

7 

1.000 

2.35E-02 

4.40E-01 

8 

1 . 000 

2.72E-02 

4.72E-01 

9 

1.000 

3. 14E-02 

5.05E-01 

10 

1 . 000 

3.72E-02 

5.47E-01 

11 

1.000 

4.40E-02 

5.93E-01 

12 

1.000 

5. 1 9E-02 

6.42E-01 

13 

1.000 

6.21E-02 

7.00E-01 

17 

1.000 

1.0BE-01 

9.09E-01 

20 

1.000 

1.46E-01 

1 . 05E+00 

All  Traf 


ZONE i  Wat -No  Frwza 
MATERIAL l ASPHALT  RUBBER  MEDIUM 


PLANE 

DC-09 


DC- 10 


B-727 


%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total *% 

total 

total  »y. 

1 

1.000 

2.98E-02 

2.9BE-02 

1.38E-01 

1.38E-01 

2 

1.000 

5.66E-02 

5.66E-02 

2.07E-01 

2.07E-01 

3 

0.949 

7.61E-02 

7.22E-02 

2.48E-01 

2.35E-01 

4 

0.848 

9.32E-02 

7.90E-02 

2.80E-01 

2.37E-01 

5 

0.754 

1.09E-01 

8.24E-02 

3.07E-01 

2.31E-01 

6 

0.635 

1.34E-01 

8.48E-02 

3.45E-01 

2. 19E-01 

7 

0.578 

1.49E-01 

8.63E-02 

3.67E-01 

2. 12E-01 

a 

0.527 

1.67E-01 

8.82E-02 

3.91E-01 

2.06E-01 

9 

0.482 

1.87E-01 

9.03E-02 

4. 16E-01 

2.01E-01 

10 

0.433 

2. 15E-01 

9.31E-02 

4.49E-01 

1.95E-01 

11 

0.390 

2.48E-01 

9.66E-02 

4.85E-01 

1.89E-01 

12 

0.352 

2.86E-01 

1.01E-01 

5.23E-01 

1.84E-01 

13 

0.315 

3.35E-01 

1.05E-01 

5.69E-01 

1.79E-01 

17 

0.229 

5. 5 IE— 01 

1.26E-01 

7.34E-01 

1.68E-01 

20 

0.  186 

7.25E-01 

1.35E-01 

8.39E-01 

1.56E-01 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.000 

0. OOE+OO 

0. OOE+OO 

2 

0.000 

0. OOE+OO 

0. OOE+OO 

3 

0.000 

0. OOE+OO 

0. OOE+OO 

4 

0.000 

0. OOE+OO 

0. OOE+OO 

5 

0.000 

0. OOE+OO 

0. OOE+OO 

6 

0.000 

O. OOE+OO 

0. OOE+OO 

7 

0.  000 

0. OOE+OO 

0. OOE+OO 

8 

0.000 

0. OOE+OO 

0. OOE+OO 

9 

0.000 

0. OOE+OO 

0. OOE+OO 

10 

0.000 

0. OOE+OO 

0. OOE+OO 

11 

0.  000 

0. OOE+OO 

0. OOE+OO 

12 

0.000 

0. OOE+OO 

0. OOE+OO 

13 

0.000 

0. OOE+OO 

0. OOE+OO 

17 

0.001 

2.33E+00 

2.33E-03 

1 . 05E+00 

1 . 05E-03 

20 

0.006 

3.06E+00 

1 . 84E-02 

1. 18E+00 

7.08E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT.TRAF. 

total 

total  *7. 

total 

total  *7. 

1 

0.000 

0. OOE+OO 

0. OOE+OO 

2 

0.000 

0. OOE+OO 

0. OOE+OO 

3 

0.032 

1.91E-01 

6. 10E-03 

3. 15E-01 

1 . 01E-02 

4 

0.089 

2.33E-01 

2.08E-02 

3.55E-01 

3. 16E-02 

5 

0.  143 

2.74E-01 

3. 9 IE-02 

3.89E-01 

5.56E-02 

6 

0.237 

3.35E-01 

7.93E-02 

4.36E-01 

1.03E-01 

7 

0.281 

3.74E-01 

1.05E-01 

4.64E-01 

1.30E-01 

8 

0.321 

4. 19E-01 

1.34E-01 

4.94E-01 

1.59E-01 

9 

0.357 

4.69E-01 

1.67^-01 

5.26E-01 

1.88E-01 

10 

0.395 

5.39E-01 

2. 13E-01 

5.66E-01 

2.24E-01 

11 

0.429 

6.20E-01 

2.66E-01 

6. 11E-01 

2.62E-01 

12 

0.459 

7. 16E-01 

3.28E-01 

6.58E-01 

3.02E-01 

13 

0.488 

8.38E-01 

4.09E-01 

7. 14E-01 

3.49E-01 

17 

0.556 

1 . 38E+00 

7.67E-01 

9. 1BE-01 

5. 10E-01 

20 

0.586 

1 . 82E+00 

1 . 06E+00 

1 . 05E+00 

6. 14E-01 

PLANE 

B-737 


B-757 


All  Traf 


7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  t7. 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.019 

6.49E-02 

1.23E-03 

2.21E-01 

4.20E-03 

4 

0.063 

7.95E-02 

5. 0 IE-03 

2.49E-01 

1 . 57E-02 

5 

0.  103 

9.32E-02 

9.60E-03 

2.74E-01 

2.82E-02 

6 

0.  128 

1. 14E-01 

1 . 46E-02 

3.0BE-01 

3.94E-02 

7 

0.  141 

1.27E-01 

1 . 79E-02 

3.28E-01 

4.62E-02 

Q 

0.  152 

1.43E-01 

2. 17E-02 

3.50E-01 

5.32E-02 

9 

0.  161 

1.60E-01 

2.57E-02 

3.73E-01 

6.00E-02 

10 

0.  172 

1.84E-01 

3. 16E-02 

4.02E-01 

6.92E-02 

11 

0.  181 

2. 11E-01 

3.83E-02 

4.35E-01 

7.86E-02 

12 

0.  189 

2.44E-01 

4.61E-02 

4.69E-01 

8.87E-02 

13 

0.  197 

2.85E-01 

5.62E-02 

5. 10E-01 

1.00E-01 

17 

0.213 

4.70E-01 

1.00E-01 

6.59E-01 

1 . 40E-01 

20 

0.217 

6. 19E-01 

1.34E-01 

7.55E-01 

1.64E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  *7. 

total 

total  47. 

1 

0.000 

O.OOE+OO 

0.00E+00 

2 

0.000 

O.OOE+OO 

0.00E+00 

3 

0.000 

O.OOE+OO 

0.00E+00 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

O.OOE+OO 

O.OOE+OO 

6 

0.000 

0. OOE+OO 

O.OOE+OO 

7 

0.  000 

O.OOE+OO 

0. OOE+OO 

8 

0.000 

O.OOE+OO 

O.OOE+OO 

9 

0.000 

0. OOE+OO 

0. OOE+OO 

10 

0 . 000 

O.OOE+OO 

O.OOE+OO 

11 

0.  000 

0. OOE+OO 

0. OOE+OO 

12 

0.000 

0. OOE+OO 

O.OOE+OO 

13 

0.  000 

O.OOE+OO 

0. OOE+OO 

17 

0.001 

6.51E-01 

6.51E-04 

6.96E-01 

6.96E-04 

20 

0.  005 

8.57E-01 

4.28E-03 

7.B6E-01 

3.93E-03 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

tot.  *7./ 13 

total  tV. 

1 

1 . 000 

2.29E-03 

1.38E-01 

2 

1 . 000 

4.35E-03 

2.07E-01 

3 

1 . 000 

6. 12E-03 

2.49E-01 

4 

1 . 000 

8.06E-03 

2.B4E-01 

5 

1.000 

1.01E-02 

3. 15E-01 

6 

1 . 000 

1 . 37E-02 

3.61E-01 

7 

1 . 000 

1.61E-02 

3.89E-01 

8 

1 . 000 

1 . 89E-02 

4. 18E-01 

9 

1 . 000 

2. 18E-02 

4.48E-01 

10 

1 . 000 

2.60E-02 

4.87E-01 

11 

1 . 000 

3.09E-02 

5.30E-01 

12 

1 . 000 

3.65E-02 

5.75E-01 

13 

1 . 000 

4.39E-02 

6.28E-01 

17 

1.000 

7.67E-02 

8.20E-01 

20 

1 . 000 

1.04E-01 

9.45E-01 

ZONES  Wet -No  Fraaza 


MATER I ALi ASPHALT 

RUBBER  HIGH 

%  Of 

DAMA0E 

INDEX 

RUT 

DEPTH 

PLANE 

YEAR 

TOT.TRAF. 

total 

total *X 

total 

total  tV. 

DC-09 

1 

1.000 

3.33E-02 

3.33E-02 

1.94E-01 

1.94E-01 

2 

1.000 

6.34E-02 

6. 34E-02 

2.76E-01 

2. 76E-01 

3 

0.949 

8.52E-02 

8.09E-02 

3.22E-01 

3.06E-01 

4 

0.848 

1.04E-01 

8.84E-02 

3.58E-01 

3.03E-01 

5 

0.754 

1.22E-01 

9.22E-02 

3.88E-01 

2.92E-01 

6 

0.635 

1.50E-01 

9.50E-02 

4.29E-01 

2.72E-01 

7 

0.578 

1.67E-01 

9.66E-02 

4.53E-01 

2.62E-01 

8 

0.527 

1.87E-01 

9.87E-02 

4.79E-01 

2.52E-01 

9 

0.482 

2. 10E-01 

1.01E-01 

5.06E-01 

2.44E-01 

10 

0.433 

2.41E-01 

1.04E-01 

5.41E-01 

2.34E-01 

11 

0.390 

2.78E-01 

1.08E-O1 

5.79E-01 

2.26E-01 

12 

0.352 

3.20E-01 

1. 13E-01 

6. 19E-01 

2. 18E-01 

13 

0.315 

3.75E-01 

1. 1BE-01 

6.66E-01 

2. 10E-01 

17 

0.229 

6. 17E-01 

1.41E-01 

8.36E-01 

1 . 9 IE— 01 

20 

0.  186 

8. 12E-01 

1.51E-01 

9.43E-01 

1.75E-01 

’/.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total  %'/. 

total 

total  tV. 

DC- 10 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.000 

O.OOE+OO 

O.OOE+OO 

4 

0.000 

O.OOE+OO 

O.OOE+OO 

5 

0.000 

0.00E+00 

O.OOE+OO 

6 

0.000 

0.00E+00 

0. OOE+OO 

7 

0.000 

O.OOE+OO 

O.OOE+OO 

8 

0.000 

O.OOE+OO 

0. OOE+OO 

9 

0.000 

0. OOE+OO 

O.OOE+OO 

10 

0.000 

O.OOE+OO 

0. OOE+OO 

11 

0.000 

O.OOE+OO 

O.OOE+OO 

12 

0.000 

O.OOE+OO 

0. OOE+OO 

13 

0.000 

O.OOE+OO 

O.OOE+OO 

17 

0.001 

2. 17E+00 

2. 17E-03 

1.41E+00 

1 . 4 IE— 03 

20 

0.006 

2.85E+00 

1.71E-02 

1 . 55E+00 

9.29E-03 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

TOT.TRAF. 

total 

total  tV. 

total 

total*’/. 

B— 727 

1 

0.000 

O.OOE+OO 

O.OOE+OO 

2 

0.000 

O.OOE+OO 

O.OOE+OO 

3 

0.032 

1 .90E-01 

6.07E-03 

4.29E-01 

1 . 37E-02 

4 

0.089 

2.32E-01 

2.07E-02 

4  74E-01 

4.22E-02 

5 

0.  143 

2.73E-01 

3.90E-02 

5. 12E-01 

7.32E-02 

6 

0.237 

3.33E-01 

7.90E-02 

5.64E-01 

1.34E-01 

7 

0.281 

3.72E-01 

1.05E-01 

5.95E-01 

1.67E-01 

8 

0.321 

4. 17E-01 

1.34E-01 

6.28E-01 

2.01E-01 

9 

0.357 

4.67E-01 

1.67E-01 

6.62E-01 

2.36E-01 

10 

0.395 

5.36E-01 

2. 12E-01 

7.06E-01 

2.79E-01 

11 

0.429 

6. 18E-01 

2.65E-01 

7.53E-01 

3.23E-01 

12 

0.459 

7. 13E-01 

3.27E-01 

8.04E-01 

3.69E-01 

13 

0.488 

B.34E-01 

4.07E-01 

8. 63E-01 

4.21E-01 

17 

0.556 

1 . 3BE+00 

7.67E-01 

1 . 07E+00 

5.97E-01 

20 

0.586 

1 . B1E+00 

1 . 06E+00 

1.21E+00 

7.0BE-01 

219 


V 


'/.  Of 

DAMAGE 

INDEX 

RUT 

DEPTH 

PLANE 

YEAR 

TOT.TRAF. 

total 

total *7. 

total 

total  *7. 

B-737 

1 

0.000 

0. OOE+OO 

0. OOE+OO 

2 

0.000 

0. OOE+OO 

0. OOE+OO 

3 

0.019 

7.41E-02 

1.41E-03 

2.80E-01 

5.33E-03 

4 

0.063 

9.07E-02 

5.71E-03 

3. 12E-01 

1 . 96E-02 

5 

0.  103 

1.06E-01 

1. 10E-02 

3.39E-01 

3.49E-02 

6 

0.  128 

1.30E-01 

1.67E-02 

3.75E-01 

4.80E-02 

7 

0.  141 

1.45E-01 

2. 05E-02 

3.96E-01 

5.59E-02 

Q 

0.  152 

1.63E-01 

2.48E-02 

4.20E-01 

6.38E-02 

9 

0.  161 

1.82E-01 

2.94E-02 

4.44E-01 

7. 14E-02 

10 

0.  172 

2.09E-01 

3.60E-02 

4.75E-01 

8. 16E-02 

1 1 

0.  181 

2.41E-01 

4.37E-02 

5.08E-01 

9.20E-02 

12 

0.  189 

2. 78E-01 

5. 26E-02 

5.44E-01 

1.03E-01 

13 

0.  197 

3.26E-01 

6. 42E-02 

5.86E-01 

1. 15E-01 

17 

0.213 

5.37E-01 

1 . 14E-01 

7. 38E-01 

1.57E-01 

20 

0.217 

7.06E-01 

1.53E-01 

8. 34E-01 

1.81E-01 

7.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT.TRAF. 

total 

total*’/. 

total 

total*'/. 

B-757 

1 

0.000 

0. OOE+OO 

0. OOE+OO 

2 

0.000 

0. OOE+OO 

0. OOE+OO 

3 

0.  000 

0. OOE+OO 

0. OOE+OO 

4 

0 . 000 

0 . OOE+OO 

0. OOE+OO 

5 

0 . 000 

0. 00E+00 

0. OOE+OO 

6 

0 . 000 

0. OOE+OO 

0. OOE+OO 

7 

0 . 000 

0. OOE+OO 

0. OOE+OO 

8 

0.000 

0 . OOE+OO 

0. OOE+OO 

9 

0 . 000 

0. OOE+OO 

0. OOE+OO 

10 

0 . 000 

0 . OOE+OO 

0. OOE+OO 

11 

0.  000 

0. OOE+OO 

0 . OOE+OO 

12 

0.  000 

0. OOE+OO 

0. OOE+OO 

13 

0 . 000 

0. OOE+OO 

0 . OOE+OO 

17 

0.  001 

7. 14E-01 

7. 14E-04 

9.33E-01 

9.33E-04 

20 

0 . 005 

9.39E-01 

4. 69E-03 

1 . 03E+00 

5.  13E -03- 

■/.  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAF. 

tot.  *7./13 

total  %V. 

All  Traf. 

1 

1 . 000 

2.56E-03 

1.94E-01 

2 

1 . 000 

4.87E-03 

2. 76E-01 

3 

1 . 000 

6.80E-03 

3.25E-01 

4 

1 . 000 

8. 83E-03 

3.  65E--01 

5 

1 . 000 

1 . 09E-02 

4.00E-01 

6 

1 . 000 

1 . 47E-02 

4.54E-01 

7 

1 . 000 

1.71E-02 

4.85E-01 

8 

1 . 000 

1.98E-02 

5. 18E-01 

9 

1.000 

2.29E-02 

5.52E-01 

10 

1 . 000 

2. 71E-02 

5.95E-01 

11 

1 . 000 

3.21E-02 

6. 41E-01 

12 

1 . 000 

3.79E-02 

6. 90E-01 

13 

1 . 000 

4.53E-02 

7. 46E-01 

17 

1 . 000 

7.89E-02 

9. 48E-01 

20 

1.000 

1.07E-01 

1 . 08E+00 

ilVW.W''i^Wt’?r.v.v 


I UNE"  I  Dry— No  Fr««z* 


mP»ERiPLiPSPHPLT  CONCRETE  CONTROL 


PLPNE 

DC-09 


DC- 10 


fa-7E/ 


A 

B 

C 

D 

*  of 

DPMP6E 

INDEX 

RUT 

YEPR 

TOT. TRPF. 

total 

total** 

total 

1 

1 .  O0O 

9. aoE-oi 

9. 80E-01 

1. 46E-01 

a 

1.  OOO 

1.86E-01 

1. 86E-01 

a. 18E-01 

3 

O.  949 

a. 51E-01 

a. 38E-01 

a. bOE-Ol 

4 

0.  848 

3.  O/E-Ol 

a. 6OE-01 

a. 9SE-01 

& 

O.  754 

3. bOE-Ol 

a.  71E-01 

3. aOE-Ol 

b 

0.  b3S 

4. 4OE-01 

a. 79E-01 

3. 58E-01 

7 

O.  5  78 

4. 91E-01 

a. 84E-01 

3. 80E-01 

a 

0.  5£7 

5. 51E-01 

a. 9OE-01 

4. 04E-01 

9 

0.  48E 

6.  17E-01 

a. 97E-01 

4. £96-01 

10 

0.  433 

7.  08E-01 

3. 07E-01 

4. 61E-01 

1 1 

O.  390 

8. lbt-Ol 

3.  lBE-Ol 

4. 96E-01 

is 

O.  35S 

9. 41E-01 

3. 3 IE— 01 

5. 34E-01 

13 

O.  315 

1. 1OE+0O 

3.  4  7E-01 

5. 78E-01 

17 

o.  aa9 

1. 8SE+00 

4. 16E-01 

7. 38E-01 

ao 

O.  18b 

a. 39E+0O 

4. 44E-01 

8. 4OE-01 

*  of 

DPMPBE 

INDEX 

RUT 

YEPR 

TUr.  TRPF. 

total 

total** 

total 

1 

O.  OOO 

0. OOE+OO 

a 

O.  OOO 

O. OOE+OO 

3 

0.  OOO 

0. OOE+OO 

4 

O.  OOO 

O. OOE+OO 

5 

0.  OOO 

O. OOE+OO 

b 

O.  OOO 

0. OOE+OO 

7 

0.  OOO 

0. OOE+OO 

8 

O.  OOO 

0. OOE+OO 

9 

o.  ooo 

0. OOE+OO 

10 

o.  ooo 

0. OOE+OO 

11 

0.  ooo 

0. OOE+OO 

ia 

o.  ooo 

O. OOE+OO 

13 

o.  ooo 

O. OOE+OO 

i  t 

O.  001 

7. 89E+0O 

7. 89E-03 

i . aoE+oo 

ao 

0.  006 

1. 04E+01 

6. £3E— OS 

1 . 34E+00 

*  of 

DPMPBE 

INDEX 

RUT 

TUT.  TRPF. 

total 

total** 

total 

i 

0.  ooo 

O. OOE+OO 

a 

o.  ooo 

0. OOE+OO 

3 

O.  03S 

b. 39E-01 

a. o4E— oa 

3. 48E-01 

4 

0.  069 

7.  8SE-01 

6. 9bE-0S 

3. 89E-01 

5 

O.  143 

9.  1 7E-Ol 

1. 31E-01 

4. e5E-Ol 

b 

0.  83  7 

1. 1SE+00 

a. 6bE— 01 

4. 74E-01 

V 

o.  aai 

1 . S5E+00 

3. 5aE-01 

5. 0£E— 01 

8 

0.  3S1 

1. 40E+00 

4. 51E-01 

5. 33E-01 

9 

0.  35  7 

1 . 57E+0O 

5. blE-01 

5. 66E-01 

10 

0.  395 

1. 81E+00 

7. 13E-01 

6. 07E-01 

11 

O.  439 

a. OBE+0O 

8. 9SE-01 

fo. 5aE-01 

ia 

O.  459 

a. 4OE+O0 

1. 10E+00 

7.  OOE-Ol 

13 

O.  468 

a. 81E+00 

1. 37E+00 

7. 56E-01 

1  7 

0.  556 

4. 63E+00 

£. 57E+00 

9. 58E-01 

ao 

O.  58b 

6. 096+00 

3.  57E+00 

1 . 09E+0O 

221 


E 

DEPTH 
total** 
1. 46E-U1 
£. 18E-01 
£. 47E-01 
£. 48E-01 

a. 4iE-oi 
a. a7E-oi 
a. 19E-01 
a. 13E-01 
a.  07-t-oi 

а.  ooe-oi 

1. 94E-01 
1. 88E-01 
i. eet-oi 
1. 69E-01 
1. 56E-01 
DEPTH 
total** 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
O. oOE+OO 
O. OOE+OO 
O. OOE+OO 
O. OOE+OO 
1 . a0E-03 
8. 01E-03 
DEPTH 
total** 
O. OOE+OO 
O. OOE+OO 

1. iiE-oe 

3. 47E— OS 

б.  08E-0£ 
1. lSE-Ol 
1. 4 IE— 01 
1. 71E-01 
a. 0SE-01 
a. 40E-01 

а.  eoE-oi 
3. S1E-01 
3. 69E-U1 
5. 33E-01 

б.  37E-01 


HtANt 
B  -73/ 


b-7  57 


HI  1  l  raf. 


A 

B 

c 

D 

E 

X  Of 

DAMAGE 

INDEX 

HUT 

DEPTH 

YfcHH 

fur-  1  NAP. 

total 

total** 

total 

total** 

1 

O.  0O0 

O. OOE+OO 

O. OOE+OO 

£ 

o.  ooo 

O. OOE+OO 

0. OOE+OO 

3 

o.  019 

£. 13E-01 

4. 05E-03 

£. £bE— Ol 

4. 30E-03 

4 

O.  Ob3 

£. bit— Ol 

1. b4E-0£ 

£. &St-Ol 

1. blE-0£ 

3 

0.  103 

3. 06E-01 

3. 15E-0£ 

£.  79E-01 

a. aaa-oa 

b 

O.  1£8 

3.  75t-01 

4. /9E-0£ 

3. 13E-01 

4. 00E-0£ 

7 

0-  141 

4. 16E-01 

5. 90E— 0£ 

3. 3£E— 01 

4. b9E-0£ 

B 

O.  15£ 

4. b9E— Ol 

7. l3E-0£ 

3. 54E-01 

5. 36E— 0£ 

9 

O.  lfel 

5. £&E-Ol 

a. 45E-0£ 

3. 76E-01 

b.  05E-0£ 

10 

O.  1  7£ 

b.  03E— Ol 

1. 04E-O1 

4. 05t-Ol 

b.  9bE-0£ 

11 

0.  161 

b. 94E-01 

1 . £6E-01 

4. 3bE-0l 

7.  89£-0£ 

1£ 

o.  iay 

6.  Olfc-Ul 

1. 51E-01 

4. 70E-O1 

8.  88E— 0£ 

13 

O.  19/ 

9. 366-01 

1. 85E-01 

b. 09E-01 

1. OOE-Ol 

17 

O.  £13 

1. 55E+00 

3. £9E-Ol 

b. 5£t— Ol 

1. 39E-01 

£0 

0.  £1  7 

£. 03E+00 

4. 41E-01 

7. 44E-01 

1. blE-Ol 

*  of 

DAMAGE 

INDEX 

hut 

DEM  IH 

YEAN 

T7JT.  THAF. 

total 

total** 

total 

total** 

1 

0.  OOO 

O. OOE+OO 

O. OOE+OO 

£ 

o.  OOO 

0. OOE+OO 

O. OOE+00 

3 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

4 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

5 

o.  ooo 

O. OOt+OO 

O. OOE+OO 

b 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

7 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

a 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

9 

o.  ooo 

o. OOt+OO 

O. OOE+OO 

io 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

i  i 

o.  ooo 

0. OOE+OO 

0. OOE+OO 

l£ 

o.  ooo 

0. OOE+OO 

0. OOE+OO 

13 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

17 

0.  OOl 

£. 15E+00 

£.  15E-03 

7. 95E-01 

7. 95E-04 

£0 

0.  oos 

£. 83E+00 

1. 4£E-0£ 

8. 93E-01 

4. 47E-03 

*  of 

DAMAGE 

INDEX 

HUT 

DEPTH 

YtAN 

IUI . THAF. 

tot. **/ 13 

total** 

1  1 . ooo 

/.  b4E-03 

1. 48E-01 

£  1  .  ooo 

1 . 43E-0£ 

£. 18E-01 

3  1 . OO0 

£. OEE— 0£ 

£. btE-Ol 

4  1 . OOO 

£. bbE-OE 

t. 98E-01 

5  1 . OOO 

3. 34E-0£ 

3. 31E-01 

b  1 . OOO 

4. 5bE-U£ 

3. 79E-01 

7  1 . OOO 

b. 34E— 0£ 

4. O/E-Ol 

a  i .  ooo 

b. £3t-0£ 

4. 38E-01 

9  1 . OOO 

7.  £5E-0£ 

4. 69E-01 

10  1 . ooo 

«. b4E-Ot 

5. O9E-01 

11  1 .  ooo 

1. 03E-01 

\ 

5. 5£E— 01 

1  £  1.000 

1. EEE-01 

b. 98t— Ol 

13  1 . OOO 

1. 4bE— 01 

b. 51E-01 

17  1 . OOO 

£. 5bE-Ol 

6. 43E-01 

£0  1 . OOO 

3. 48E-01 

9.  b  /E-01 
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VW7V?  WWf/WVWW 

VOT.CW.W 

ZUNEi  Drv-No  t-rmmzm 

MAtfcHiNLlMaHHHU  RU886K  LOW 


HLHNE 

Du-09 


du-io 


fc>-/£  / 


%  or 

1>AMHW6 

I NU6  X 

HU  I 

D6PIH 

YfcPR 

T(JT.  T KM6 . 

total 

tot a 1*X 

total 

tot  a  1*54 

1 

1 .  ooo 

3.  31E-OS 

3. 31t-Ob 

1. £86-01 

1. £86-01 

£ 

1.  ooo 

b. £9E-0£ 

6. £9E-0£ 

1. 94E-01 

1. 94E-01 

3 

o.  949 

8. 45E-Ob 

8. 0£6-06 

b. 3£6— 01 

b. bl6-Ol 

4 

0.  848 

1. 04E-01 

8. 78E-0£ 

£. 63E-01 

£. £3E— 01 

5 

<>.  754 

1 .  blfc-oi 

9. 156 -Ob 

£. 896-01 

£. 186-01 

b 

0.  b3S 

1.49E-01 

9. 43E-0£ 

3. £5E-01 

£. ObE-Ol 

7 

o.  5 /a 

1 . bbt-Ol 

9. 586 -Ob 

3.  466-01 

b. 006-01 

a 

0.  5£7 

1.86E-01 

9. 80E-0£ 

3. 70E-01 

1. 956-01 

9 

O.  48b 

£. 086-01 

1 . 006-01 

3. 946-01 

1. 906-01 

10 

O.  433 

£. 39E-01 

1. 03E-01 

4. bbE-01 

1. 84E-01 

i  i 

O.  390 

£.  756—01 

l . 0/6-01 

4. b 16-01 

1. 806-01 

1£ 

0.  35£ 

3.  18E-01 

1. 1££— 01 

4. 9BE-01 

1. 75E-01 

13 

O.  31  b 

3. 7 £6-01 

1. 176-01 

5.  4£6— 01 

1. 716-01 

1  / 

O.  ££9 

b. 1£E— 01 

1. 40E-01 

7.  03E-01 

1. 61E-.U1 

to 

U.  1Mb 

M. Obh-Ol 

1 . 506-01 

8. 076-01 

1. 506-01 

%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YhHN 

l  0  l  .  i  HrtH . 

total 

t  ot a 1 *% 

total 

total*5t 

1 

0.  OOO 

0. OOE+OO 

0. OOE+OO 

£ 

o.  ooo 

o. oofe+oo 

O. 006+00 

3 

o.  ooo 

O. OOE+OO 

0. OOE+OO 

4 

o.  ooo 

O. 006+00 

O. 006+00 

5 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

b 

o.  ooo 

o. 006+00 

O. 006+00 

7 

o.  ooo 

O. OOE+OO 

0. OOE+OO 

a 

o.  ooo 

O. OOfc+GO 

O. OOE+OO 

9 

o.  ooo 

0. OOE+OO 

0. OOE+OO 

10 

o.  ooo 

O. 006+00 

O. OOE+OO 

li 

o.  ooo 

0. OOE+OO 

0. OOE+OO 

lb 

o.  ooo 

O. 006+00 

O. OOE+OO 

13 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

1  7 

O.  OOl 

3. 136+00 

3. 136-03 

9. 756-01 

9. 756-04 

bo 

O.  006 

4.  l£E+00 

£. 47E-02 

1. 11E+00 

b. S5E— 03 

%  or 

DAMAG6" 

INDEX 

RUT 

D6PTH 

TUT.  TRAF. 

total 

total*5C 

total 

tot  a  1*54 

1 

o.  ooo 

O. 006+00 

0. OOE+OO 

£ 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

3 

o.  u3b 

£.  386-01 

7. bOE— 03 

b. 866-01 

9. 166-03 

4 

0.  089 

£. 91E-01 

£. 59E-02 

3. £4E— 01 

£. 88E— 0£ 

b 

O.  143 

3.  416-01 

4. 886-OE 

3. 566—0 1 

5.  3  Oh -Ob 

b 

O.  £3  7 

4. 17E-01 

9. 89E-Ob 

4. 01E-01 

9. 51E— Ob 

7 

O.  £81 

4. bb6— Ol 

1 . 316-01 

4. £86-01 

1 . bOh— O 1 

8 

O.  3£  1 

5. ££E— 01 

1. 68E-01 

4. 57E-01 

1. 47E-01 

9 

O.  35  7 

5. 856-01 

b. 096-01 

4.  8  76-01 

1. 746-01 

lo 

O.  395 

b. 7£E-01 

£. 65E-01 

5. £6E-01 

£. 08E-01 

1 1 

O.  4b9 

7.  746-01 

3. 3bE— ol 

5.  696-01 

b. 446-01 

lb 

0.  459 

8. 9£E-01 

4. lOE-Ol 

6. 15E-01 

b. 8£E— 01 

13 

o.  488 

1. 056+00 

5. 106-01 

b. 696-01 

3.  £76-01 

17 

0.  556 

1 . 7£E+00 

9. 57E-01 

8.67E-01 

4. 8£E— 01 

£0 

O.  58b 

£. £76+00 

1. 336+00 

9. 956-01 

5. B3E-01 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

PuWNE 

YtAH 

IU  f.  TRAP. 

total 

tot  a  1*54 

total 

total** 

6-/3/ 

1 

O.  000 

0. OOE+OO 

O. OOE+OO 

a 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

3 

o.  oiy 

/.  iaE-oa 

1 . 35E-03 

a. oie-oi 

3. aaE-03 

4 

O.  Ob3 

6. /aE-oa 

b. 4SE-03 

a. aat-oi 

1. 44E-0a 

s 

O.  103 

l.oaE-oi 

1 . 0bE-0a 

a. 51 £-01 

a. 59E-oa 

b 

o.  law 

l. abt-oi 

1 . bOE-Oa 

a. 64E-01 

3.  63E— oa 

7 

O.  141 

1. 4OE-01 

1. 9?£-oa 

3. 03E-01 

4. a?E-0£ 

b 

o.  iba 

1. b  7E-Ol 

a. 38E-oa 

3.  a4E-C)l 

4. 9£E-0a 

y 

O.  161 

1. 7bE-01 

a. aaE-oa 

3. 45E-01 

b. bbE-Oa 

1U 

o.  l  /a 

a. oit-oi 

3. 46E-Oa 

3.  74E-01 

b. 43E-0£ 

n 

o.  161 

a. 3aE-oa 

4. E0E-03 

4. ObE-01 

7. 33E— oa" 

o.  i«y 

a. bat-oi 

b. obE-oa 

4. 36E-01 

a.  aet-oe 

13 

O.  IS 7 

3. 13E-01 

6. 17E-oa 

4. 76E-01 

y. 4iE-oa 

1  7 

o.  ai3 

5. lbt-Ol 

1. lOE-Ol 

fe. aat-oi 

1. 33E-01 

EO 

o.  ai  7 

6. 7yE-01 

1. 47E-01 

7.  IbE-Ol 

1. bb£-01 

%  Of 

DAMAUfc 

INDEX 

KU  1 

DEPTH 

YEAH 

T  01 .  1  KAh. 

total 

total** 

total 

tot  a  1*54 

6-/5/ 

1 

O.  OOO 

0. OOE+OO 

0. OOE+OO 

£ 

o.  OOO 

O. OOE+OO 

0. OOE+OO 

3 

O.  OOO 

O. OOE+OO 

o. OOE+OO 

4 

O.  000 

0. OOE+OO 

O. OOE+OO 

b 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

b 

O.  O00 

O.  OOE+OO 

O. OOE+OO 

/ 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

a 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

y 

o.  ooo 

O. OOE+OO 

0. OOE+OO 

lo 

o.  ooo 

0. OOE+OO 

O. OOE+OO 

1 1 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

la 

o.  ooo 

0. OOE+OO 

0. OOE+OO 

13 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

1/ 

O.  OOl 

7.  4aE-01 

7.  4aE— 04 

y. 61E-01 

y. blE— 04 

to 

o.  oob 

y. Vbt-Ol 

4. 66E-03 

1 . 06E+00 

b. 3yE— o3 

*  of 

DAMAGE 

INDEX 

RUI 

DEPIH 

YEAH 

1  U  1  .  t  HAH  . 

tot.  *54/13 

total** 

l  Iraf. 

1 

1 .  ooo 

a. 54E-03 

1. E8E-01 

a 

1  .  ooo 

4.  b4E-C>3 

1 . 94E-01 

3 

1  .  ooo 

b. 66E-03 

a. 34E-01 

4 

1  .  ooo 

y.  1  7E-03 

a. bbfc— Ol 

b 

i .  ooo 

1. ibE-oa 

a. y5£-oi 

b 

1  .  ooo 

1. blE-oa 

3. 36E-01 

7 

i.  ooo 

i . yoE-oa 

3. 63E-01 

a 

1 .  ooo 

a. a3t-oa 

3. yiE-Ol 

y 

i .  ooo 

a. sy£-oa 

4. 19E-01 

10 

1 .  ooo 

3. loE-oa 

4. 57E-01 

1 1 

1.  ooo 

3.  4lE-0a. 

4. 97E-01 

ia 

1  .  ooo 

4. 40E-0a 

b. 40E-01 

13 

1 .  ooo 

b. 3oE-oa 

b. yiE-Ol 

l  7 

l .  Ooo 

y. 3iE-oa 

7.  76E-01 

ao 

1.  ooo 

1. a7E-01 

y. OOE-Ol 

224 


■  -  I 

ZONE i  Dry-No  frmmzm 

- 

MW  1  EHIWL.  1 A8PHWCT 

RUBBER 

MEDIUM 

%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

PLANE 

YEAR 

TOT. TRAF. 

total 

total*X 

total 

total*X 

DC-09 

1 

1.  OOO 

1. 57E-08 

1 . 576-08 

1. 176-01 

1. 176-01 

8 

1. 000 

8. 986-08 

8. 98E-08 

1 . 80E-01 

1.80E-01 

3 

O.  949 

4. 01E-08 

3. 81E-08 

8. 186-01 

8. 066-01 

4 

0.848 

4. 91E-08 

4. 16E-08 

8. 47E-01 

8. 09E-01 

« 

3 

O.  754 

3. 766-08 

4. 346-08 

8. 786-01 

8. 036-01 

6 

0.  833 

7. 05E-08 

4. 47E-08 

3. O6E-01 

1. 95E-01 

7 

o.  3/a 

7. 876-08 

4. 556-08 

3.  876— <->1 

1. 896-01 

X 

a 

0.  3E 7 

a. aaE-oa 

4. 65E-08 

3. 49E-01 

1. 84E-01 

9 

O.  48d 

9. 676-08 

A. 766-08 

3. 736-01 

1. 806-01 

10 

O.  4 33 

1. 13E-01 

4. 91E-08 

4. 03E-01 

1. 74E-01 

i  i 

O.  390 

1. 316-01 

3. 096-08 

366-01 

1. 706-01 

is 

o.  33a 

1.51E-01 

5. 30E— oa 

4. 71E-01 

1. 66E-01 

13 

O.  313 

1. 766-01 

5. 566—08 

5. 13E-01 

1. 686-01 

17 

o.  aas 

8.91E-01 

6. 65E-08 

6. 65E-01 

1 . 586—01 

ao 

O.  188 

3. 88E-01 

7. 116-08 

7. 636-01 

1. 486-01 

X  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YhHK 

IUT. TRAP. 

total 

total *X 

total 

total*X 

DC- 10 

1 

O.  OOO 

0. OOE+OO 

O. OOE+OO 

a 

O.  OOO 

O. OOE+UO 

O. 006+00 

3 

O.  OOO 

O. OOE+OO 

0. OOE+OO 

t 

O.  OOO 

O. 006+00 

O. 006+00 

3 

0.  OOO 

O. OOE+OO 

O. 006+00 

& 

O.  OOO 

O. 006+00 

O. 006+00 

7 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

a 

O.  OOO 

O. 006+00 

O. 006+00 

1 

O.  OOO 

0. OOE+OO 

O. 006+00  / 

lO 

O.  OOO 

O. OOE+OO 

O. 006+00 

n 

o.  ooo 

0. OOE+OO 

0. 006+00 

ia 

o.  ooo 

O. OOE+OO 

O. 006+00 

13 

o.  ooo 

O. OOE+OO 

O. OOE+OO  j 

i  / 

O.  OOl 

1 . 366+00 

1 . 366-03 

9. 506-01 

9. 306-04  ( 

ao 

0.  006 

1. 78E+00 

i.  o/E-oa 

1 . 07E+00 

6. 43E-03 

m 

X  Of 

DAMAGE 

INDEX 

RUT 

D6P1H  | 

TOT.  TRAF. 

total 

total*X 

total 

total*X 

b-78  t 

l 

o.  OOO 

O. OOE+OO 

0. 006+00  | 

- 

a 

0.  ooo 

0. OOE+OO 

0. OOE+OO  5 

3 

o.  03a 

1. 066-01 

3. 406-03 

8. 876-01 

9. 186-03 

4 

0.  089 

1. 30E-01 

1. 16E-08 

3. 84E-01 

8. 89E— 08  ' 

3 

O.  143 

1. 536-01 

8. 186-08 

3.  576-01 

5. 106-08  ® 

& 

O.  837 

1.87E-01 

4. 43E-08 

4. 01E-01 

9.516-08  ! 

7 

O.  881 

8. 09E-01 

5. 866-08 

4. 876-01 

1. 806-01 

a 

0.  381 

8. 34E-01 

7.  51E-08 

4. 56E-01 

1. 466-01 

9 

0.  35  7 

8. 68E-G1 

9. 356-08 

4. 866-01 

1.736-01 

10 

0.  395 

3. 01E-01 

1.  19E-Q1 

5. 84E-01 

8. 076-01 

1 1 

O.  489 

466-01 

1. 496-01 

5. 666-01 

8. 43E-01  | 

la 

O.  459 

4. 00E-01 

1. 83E-01 

6.  11E-01 

8. 81E-01  \ 

13 

O.  488 

4. 666-01 

8. 886-01 

6. 646-01 

3. 846-01 

17 

0.  356 

7. 71E-01 

4. aeE-oi 

8. 57E-01 

4. 76E-01  j 

ao 

O.  586 

1. OlE+OO 

5. 946-01 

9. 806-01 

5. 746-01 
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i',y;vv'v' 

''vvW?* 

PLANE 

8-/3/ 


8-/S >/ 


Mil  i rat. 


%  of 

DAMAGE 

INDEX 

RUT 

DEPTH 

YEAR 

TOT. TRAF. 

total 

total** 

total 

total** 

1 

O.  OOO 

O. 002+00 

O. 002+00 

2 

O.  000 

O. OOE+OO 

O. OOE+OO 

3 

O.  019 

3. 412—02 

b. 422-04 

1. 942-01 

3. fcBh— 03 

4 

O.  Ob3 

4. 1SE-02 

2. G3E-03 

2. 20E-01 

1 . 382-02 

b 

O.  103 

4. 302-02 

b. OSE— 03 

2. 4S2-01 

2. 492-02 

b 

O.  128 

b. OOE-02 

7.  87E-03 

2. 732-01 

3. 432-02 

/ 

O.  J  41 

b.  /Ob -02 

3.  44b— 0,5 

2. 312-01 

4. 112-02 

a 

O.  Ib2 

7.  SoE-02 

1.  14E-02 

3. 1 lE-Ol 

4. 732-02 

O.  lbl 

a.  40r.-O2 

1 . 3b2— 02 

3.  322-01 

b. 3bE— 02 

10 

O.  172 

3. bbE-02 

1. bb£-02 

3. b3E-01 

b. 182-02 

n 

o.  iai 

1. 1 lb-Ol 

2. 012-02 

3. 232-01 

/.  042—02- 

12 

O.  183 

1. 28E-01 

2. 422-02 

4. 21E-01 

7.  3b2— 02 

13 

O.  13/ 

1.  bOfe-Ol 

2. 3bE-02 

4. bab-oi 

3. 022-02 

1  7 

O.  213 

2. 47E-01 

b. 27E-02 

b. 3bE-01 

1. 2/2-01 

20 

O.  21  / 

3. 2bE-Ul 

/.  Obb— 02 

b. 022-01 

1. 482-01 

*  of 

DAMAGE 

INDEX 

hut 

DEPTH 

YeHK 

I1JI.  t  KAF  . 

total 

total** 

t  ot  a  1 

total** 

1 

O.  000 

0. OOE+OO 

O. 002+00 

2 

O.  OOO 

O. 002+00 

O.  002+00 

3 

O.  OOO 

O. OOE+OO 

O. 002+00 

A 

O.  OOO 

O. 002 +00 

O. 002+00 

5 

O.  OOO 

0. OOE+OO 

O. 002+00 

b 

O.  OOO 

O. OOE+OO 

O. 002+00 

7 

O.  000 

0. OOE+OO 

U. OOE+OO 

a 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

9 

O.  O00 

0. OOE+OO 

O. OOE+OO 

lO 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

1 1 

o.  ooo 

O. OOE+OO 

O. 002+00 

12 

o.  ooo 

O. 002+00 

O.  OOE+OO 

13 

o.  ooo 

O. OOE+OO 

O. OOE+OO 

1  / 

O.  OOl 

3. 402-01 

3. 482-04 

b. 25K— 01 

fo. 2bfc-o4 

20 

O.  OOS 

4. 56E-01 

2. 23E-03 

7. ObE— 01 

3. b2E— 03 

*  of 

damage 

INDEX 

KU1 

DEm  f  h 

YEAH 

TOT. TRAF. 

tot. *%/ 13 

total** 

1 

1  .  o«  >o 

1.  212-03 

1. l /t-oi 

a 

1.  ooo 

2. 232-03 

1. 802-01 

3 

1  .  ooo 

3. 24b -03 

2.  1 9b— 0 1 

4 

1 .  ooo 

4. 30E-03 

2. b2E— O 1 

b 

1  .  ooo 

b. 41b— 03 

2.  81 fc~oi 

b 

1.  ooo 

7.  442-03 

3.  2bE-Ul 

7 

1  .  ooo 

«. / 42-03 

3.  bOE-Ol 

a 

1.  ooo 

1 . O2E-02 

3.  /8E-U1 

9 

1  .  ooo 

1. 132-02 

4.  ObE— 0 1 

io 

i .  ooo 

1 . 422—02 

4. 432—01 

i  i 

1  .  ooo 

1 . 232-02 

4. 83b— O 1 

12 

1.  ooo 

2. 01E-02 ' 

b. 282-01 

13 

1  .  ooo 

2. 412-02 

b. /bE-Ol 

17 

i.  ooo 

4. 23E-02 

7.  572-01 

20 

1 .  ooo 

b. 722-02 

8. 74E-01 
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fa-  72  7 


%  of 

DAMAGE 

INDEX 

RUT 

Db  M 1  H  9 

YEAR 

TOT.  TRAP. 

total 

total** 

total 

total**  H 

1 

1.  OOO 

1. 992-02 

1 . 99E-02 

l. 40E-01 

1.402-01  1 

2 

1. 000 

3. 79E-02 

3. 79E-02 

2. 10E-01 

2. 102-01  1 

3 

O.  9*9 

b. 092-02 

4. 832-02 

2. 502-01 

2. 38b— Ol  I 

4 

0.  b48 

6. 24E-02 

5. 29E-02 

2. 82E-01 

2. 392-01  1 

b 

O.  /b4 

7.  322-02 

b. DEE— 02 

3. 092-01 

2. 332-01  1 

b 

O.  b33 

a. 95E-02 

5. 68E-02 

3. 46E-01 

2. 192-01  9 

7 

o.  b/a 

9. 996-02 

b.  782-02 

3.  b/b-Ol 

2. 122-01  9 

a 

0.  S27 

1. 12E-01 

5. 90E-O2 

3. 91E-01 

2. 062-01  9 

9 

o.  4 as 

1. 252-01 

b.  042-02 

4. 162-01 

2.  OOh-'Ol  ■ 

10 

0.  433 

1. 44E-01 

6. 24E-02 

4.47E-01 

1.942-01  9 

n 

O.  390 

1. 682-01 

b. 472-02 

4. 822-01 

1.882-01  9 

12 

0.  352 

1.91E-01 

6. 74E-02 

5. 19E-01 

1.83E-01  1 

13 

O.  31b 

2. 246-01 

/. 062-02 

5. b22— Ol 

1.772-01  9 

17 

0.  229 

3. 69E-01 

8. 45E-02 

7. 19E-01 

1.65E-01  1 

to 

O.  iab 

4. 8b2 -01 

9. 032-02 

fa. 192-01 

1.522-01  9 

it  Of 

DAMAGE 

INDEX 

RUT 

DEPTH  1 

YEAR 

10 1 .  (RAH. 

total 

total** 

total 

total**  H 

i 

0.  000 

0. OOE+OO 

O. OOE+OO  9 

£ 

o.  OOO 

O. 002+00 

O. 002+00  9 

3 

O.  OOO 

0. OOE+OO 

O. OOE+OO  1 

4 

0.000 

O. OOE+OO 

O. 002+00  1 

b 

O.  OOO 

0. OOE+OO 

0. OOE+OO  9 

b 

o.  ouo 

0. OOE+OO 

0. 002+00  i 

7 

O.  OOO 

0. OOE+OO 

0. OOE+OO  | 

a 

O.  OOO 

O. OOE+OO 

O. 002+00  i 

9 

0.  OOO 

O. OOE+OO 

0. OOE+OO  1 

10 

O.  OOO 

O. 002+00 

O. 002+00  § 

11 

O.  OOO 

0. OOE+OO 

O. OOE+OO  9 

12 

O.  OOO 

O. 002 +00 

O. 002+00  a 

13 

O.  OOO 

O. OOE+OO 

O. OOE+OO  9 

1  7 

o.  ooi 

1. 412+00 

1. 412-03 

1. 162+00 

1.  lbb-03  I 

20 

O.  006 

1. 85E+00 

1.  1  IE-02 

1 . 29E+00 

7.  72E-03  j 

*  of 

DAMAGb 

INDEX 

RUT 

DEPTH  1 

TUT. TRAF. 

total 

total** 

total 

total** 

1 

O.  OOO 

O. 002+00 

O. OOE+OO 

2 

0.  OOO 

0. OOE+OO 

0. OOE+OO 

3 

O.  032 

1. 192-01 

3. 812-03 

3. 322-01 

1.082-02 

4 

0.  089 

1.46E-01 

1 . 30E-02 

3. 73E-02 

3. 32E-03 

b 

O.  143 

1. 712-01 

2. 442-02 

4. 08E-01 

5. 842-02 

b 

0.  237 

2. 09E-01 

4. 95E-02 

4. 56E-01 

1. 08E-01 

7 

O.  281 

2. 332-01 

b. 56E— 02 

4. 842-01 

1 . 3bb— Ol  ' 

a 

O.  321 

2. 62E-01 

8. 40E-02 

3. 15E-01 

1.652-01  ! 

9 

O.  3b/ 

2. 932-01 

1. 052-01 

D.  4  72-01 

1. 952-01 

10 

O.  395 

3. 3bE-01 

1. 33E-01 

S. 882-01 

2. 32E-01  | 

n 

O.  429 

3. 882-01 

1 . bfe2— 01 

b. 322-01 

2.  712-01 

12 

O.  459 

4. 47E-01 

2. 05E-01 

6. 792-01 

3. 12E-01  > 

13 

0.  488 

5.  232-01 

2. 552-01 

7. 352-01 

3.592-01  j 

17 

0.  556 

8. 62E-01 

4. 79E-01 

9. 35E-01 

5.20E-01  5 

20 

0.  58b 

1. 13E+0O 

b. 652-01 

1 . 062+00 

6. 222-01  h 

PLHNE 

b-7d/ 


B-/b/ 


Mil  i rat. 


%  Of 

owmubfc 

INDEX 

HUT 

DEPTH 

YEHH 

TOT. T«WF. 

total 

total** 

total 

total** 

1 

O.  OOO 

0. oot+oo 

O.  OOE+OO 

d 

O.  OOO 

O. OOE+OO 

O.  OOE+OO 

3 

o.  oiy 

4. 43fc-Od 

b. Adb-04 

d. ddt-oi 

4.  dlb— 03 

4 

O.  063 

b. 4dE-od 

3. 4dE— 03 

d. SOE-Ol 

1. S7E-Od 

b 

O.  103 

6. 36t— Od 

fo.  bbc.-03 

d. 74b— oi 

d.  ti£E— 02 

b 

o.  ltd 

7.  7BE- Od 

y. ybE-03 

3. Ob£-Ol 

3. yd£-0£ 

7 

O.  141 

to. b^b-od 

1 . d3t-Od 

3. dbb-Ol 

4. byt-od 

a 

O.  lbd 

y.  /4E-od 

1. 4toE-0d 

3. 4/E-Ol 

b. 27E-02 

y 

O.  lbl 

i. oyt-oi 

1. 7SE-od 

3. btit-01 

b. y3b— Od 

lO 

o.  i  7d 

l.d5E-01 

d. 15E-0d 

3. S7E-01 

b. B2E-02 

i  l 

O.  lttl 

1. ^4h-0l 

d. blh-Od 

4. d7b-01 

7.  74b— Od* 

Id 

O.  1&3 

1. bbt-Ol 

3.  14E-0d 

4. 60E-01 

to. 7OE-02 

13 

o.  iy  / 

l . ybt-o l 

3. to4t-Od 

4. yyt-oi 

y.  B3E— Od 

1  / 

O.  did 

3. dlE-Ol 

b. 84E-0d 

b. 3yE-01 

1. 3bt-01 

to 

O.  dl  / 

4. ddt-oi 

y. lbt-Od 

7. dyt-oi 

1. bbb-Ol 

%  or 

DPmHbt 

INDEX 

K(J  1 

DbPlH 

irtnn 

l  U  I .  T  WM(- . 

total 

total  *'A 

total 

total *% 

1 

O.  OOO 

0. OOE+OO 

O. OOb+OO 

d 

O.  OOO 

o. oot+oo 

O. OOb+OO 

O.  OOO 

O. OoE+OO 

O. OOb+OO 

*♦ 

O.  OOO 

O. OOb+OO 

O. OOb+OO 

3 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

to 

O.  OOO 

O. OOb+OO 

o. oot+oo 

/ 

O.  OOO 

O. OOE+OO 

0. OOE+OO 

to 

O.  OOO 

O. OOb+OO 

O. OOb+OO 

y 

O.  O0O 

O. OOE+OO 

O. OOE+OO 

1U 

O.  OOO 

O.  OOb  +OO 

O. OOb+OO 

1 1 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

Id 

O.  OOO 

O. OOE+OO 

O. OOE+OO 

13 

o.  oOo 

O. OOE+OO 

o. oot+oo 

1  7 

O.  OOl 

4. Jdt-Ol 

4. 3dt-04 

7. b4E— 01 

7. b4b— 04 

dO 

o.  oob 

b. byt-oi 

d. B4E— 03 

a. 3y£-oi 

4. dOE— 03 

%  of 

UHWHWb 

INDEX 

r<U  t 

DtP  1  H 

YbHH 

1  U 1 .  1 NHF . 

tot. **/ 1 3 

total** 

1 

1  .  OOO 

1 . b3t-03 

1 . 40t-0l 

d 

1  .  OOO 

d. y ie-o3 

d. lOt-Ol 

3 

1  .  OOO 

4. 0ttb-03 

d. bdt-Ol 

4 

1  .  OOO 

b. 33E-03 

d. bttt-01 

b 

i  .  OOO 

b. b3t-U3 

3. iyt-oi 

b 

i  .  OOO 

ft. ybb-03 

3. 67E-01 

/ 

1  .  OOO 

1 . 04t-0d 

3. y*t-oi 

tt 

1 .  OOO 

1. dlb-Od 

+  .  d4b— Oi 

y 

1  .  OOO 

1 . *Ot-Od 

bbfc-Ol 

10 

1  .  OOO 

1. 6/E-0d 

*.  y4E-oi 

1 1 

1  .  OOO 

1 . yttb-Od  , 

b. 3bt— OI 

Id 

i  .  OOO 

d. 34t-Od 

S. ttlE-01 

13 

1 .  OOO 

d. tiOb-Od 

b. 34b— OI 

1/ 

1.  OOO 

4.  8BE-02 

B. dd£-oi 

to 

1 .  OOO 

b. bdb-Od 

y.  4bt-oi 
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